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BBenenmne

B npescrasisiemoit jguccepramyy OMUCAH Psi/l SIKCIEPUMEHTAJIBHBIX UCCJIE10-
Banuit, nposeaénnnx B 2006-2010 rr. na gerekrope DO komnaiigepa Tevatron
(Hamuonasbuast YckopuresbHas Jlabopatopust um. dupuko @epmu (DPepmu-
n1a6), CIIA) u MOCBAMEHHBIX MOUCKY OTKJIOHEHHH OT mpejckazanumii Cran-
gapraoit mogenn (CM) B uponeccax poxKJIeHUs OJMHOYHOIO TOI-KBAPKA -
O/IHOTO W3 CAMBIX HHTEPECHBIX W MPOTUBOPEYUBHIX OOBEKTOB COBPEMEHHOIT
GU3UKHT BBICOKUX IHEPTUIA.

VcTopusa camoro HeOOBIIHOTO U3 MIECTH U3BECTHBIX HA CETOMHANIHUN TeHb
KBapKoOB 0epéT cBoé Hava o B 1964 romay, korga l'esi-Mann u LBeiir npeio-
KN KBAPKOBYIO MOJIETD /Il OObICHEHUST HAKOMUBIIUXCS (hAKTOB B YCKO-
PUTEJIBHBIX IKCIEPUMEHTAX U IKCIEPUMEHTAX C KOCMUIECKUMHU JIYIAMU T10
POKJIEHUIO DOJIBIIONO KOJWYecTBa (MOpsiJika COTHH) aPOHOB - CHIHHOB3A-
MOJIEICTBYIOIHUX YacTUIl. B To BpeMd M ONUCAHUS aIPOHHBIX COCTOSHUIT
OBLTIO JOCTATOYHO BBejeHUs 3-X KBapKoB: u-(up), d-(down), s-(strange).

JlanpHeinme SKCIepUMeHTHI - B YaCTHOCTH, 0OOHapyzKeHne B 1974 1. HOBO-
0 a/IpOHA, TaK HasbiBaeMoil yacruubl J/V (CBsA3aHHOE COCTOsIHUE CC), PABHO
KaK U OTKPBITHS B JIEIITOHHOM CEKTOPEe - OOHAPYy’KeHNe MIOOHOB U MIOOHHO-
ro HEUTPUHO - ABWJIM MUDY KapTUHY CHMMETDHH JBYX IOKOJIEHHU KBAapKOB
(u,d u ¢,s) n AByX NMOKOJIEHUi JIEHTOHOB (€, Ve U ft,V,,). OmHako xe B 1976
. OBLT OOHAPY2KEeH TPeTHil 3apszKeHHbIH T-TeNTOH, a B 1977 1. OBLT OTKPHIT
HOBBIH Me30H T - ¢BsI3BaHHOE COCTOsIHME D-KBapKa M COOTBETCTBYIOIIEIO €My
AHTUKBAPKA, YTO HAPYIIUIO0 CHUMMETPHUIO JIBYX MOKOJIEHUN, HO U CIOJBHUIJIO
9KCIIEPUMEHTATOPOB Ha TIOUCKU HEJOCTAMNINX JJIs CUMMETPUU TPEX TOKO-
JIeHU#l emmé OJTHOTO KBapKa W JenToHa. Hemocrarommii KBapK - TOM-KBapK -
obL1 OOHapyzkeH B 1995 r. B @epMuiadbe MpakKTHIECKU OJHOBPEMEHHO JBYMSI
kosutabopanusivu CDF [1] u DO |2] B cuiibHbIX B3auMOeHCTBUSX DK IIAP-
HoM tt-poxjenun, a B 2000 I. B TOM »Ke HayuyHOM IeHTpe Ha HeHTPUHHOM
nerekrope DONUT 6w110 00HAPYKEHO T-HEHTPUHO.

OTKpBITUS TON-KBapKa W T-HEUTPHHO 3aBepPIIUJIN TEJOCTHYIO KapTHHY
TPEX TOKoJieHmii, npeacka3piBaeMbix CM. Bmecte ¢ Tem MHOrmE BOIIPOCHI,
Kacaoluecs KaK CBOHCTB TOM-KBapKa, Tak u cektopa CM, cBga3aHHOTO €



HUM, JIO CHX IIOp He MMEIOT OTBETA.

Bo-nepBbix, HeobbI4aitHO H0J1bIION OKa3a/1ach Macca TOl-KBapKa 110 CpaB-
HEHUIO ¢ MaccaMu JIpyrux KBapkoB. COBpeMeHHOE M3MEPEeHHOe 3HAUYEHHE CO-
crapasger 172.0+0.9+ 1.3 I'sB (a1 cpaBHeHus, Macca b-KBapKa cOCTABJISIET
npumepro 4.67 T'5B). B CM macchl Beex vacTui; 00pasyorcs 3a CUéT B3a-
UMOJEHCTBUS ¢ KOHIEHCATOM CKaJgpHOro moJsg Xurcca. [Ipum sTom B3ammo-
JeficrBue TON-KBapKa, Kak u Jjioboro apyroro gepmuona (f) CM, ¢ mosem
Xurrca npejcrasisier coboit B3aumogeiicrsue tuna FOkasol Buga A ffH ¢
KOHCTaHTOl Ay = Ur/n—\%, Ie U - BeJUYWHA BAKyyMHOTO CPEIHEro MopsiIKa
230 I'sB, 3as1aBaeMoro HezaBUCUMBIMU U3MepeHusiMu Mmacc W- u Z-06030H0B.
[ToacraBup Maccy Ton-kBapka papoit 172 I'sB nmosyuaem st Ay Bemauny,
O0m3Ky10 K equHuie. B Hacrosinee Bpems 6030H XUrcca He OTKPBIT H MeXa-
HU3M CIIOHTAHHOTO HAPYIIEHHsS CHMMETPUU He MOHSIT JIO0 KOHIA, B TO BpeMs
KaK 0/IM30CTh U3MEPEHHOI'O 3HAYEHHMS MACCHI TOI-KBAPKa M BEJIMYUHbBI BaKy-
YMHOTO CPeHero v/v/2 MO3BO/ISET MHOIMM HCC/IEIOBATESM HOJIATATH, YTO
WMEHHO N3YYeHNe CBOMCTB U B3aUMO/ICHCTBUN TON-KBapKa MO3BOJIUT MPOJIATH
cBeT Ha 1pobJieMy 0Opa30BaHHUS MAacc.

JIpyras xapakKTepuCTHKa TOI-KBapKa, BBI3BIBAIOIIAA MHTEPEC - ero IIH-
puna (wiu Bpems Kuszuu). TON-KBapK He cTabHIEH U OBICTPO PACIATATCS
[0 Pa3/JMYHbIM KaHajgaM (OH U OblI 3aPErHCTPUPOBAH 110 IPOJYKTAM CBOErO
pacrnaza); coracao CM Ton-KBapk pacrnagaercst IpaKTHIeCKH TOJbKO Ha W-
0030H 1 b-KBapK U IIHPUHA [TOJTHOTO PACIIaIa OKA3bIBACTCS PABHOM MPUMEPHO
I'% = 1.6 I'9B - npuMepro B 100 pa3 MeHbIIe ero MACChl, 9TO JeTAET TOI-
KBapK Y3KHM PE30HAHCOM. BpeMms JKU3HU Ke TON-KBApKa (Tiop = ﬁ) OKa-

0

3pIBAETCA HACTOJILKO MajeHbKUM (~ 410725 cek.) 4To TON-KBapK He CIIoCOGeH
K ajipoHm3aluu (XapakTepHoe BpeMs ajipoHusanuu - ~ 3 - 10724 cex.) - on
pacmaaeTcs 3aJ0JT0 J0 TOro, KaK ¢MOT ObI 00pa30BaTh aJPOHBI U JIeTaeT
9TO IPAKTUYECKHU B TOM 2Ke TOYKe, Ijie U poxjaercs. I3-3a orcyrcrBus 3¢-
dEeKTOB aJIPOHUBAINY B FKCIIEPUMEHTAX C TOIN-KBAPKOM €r'0 U3y4eHue Mpe/1o-
CTaBJIgeT YHUKAJIBHYIO BO3MOXKHOCTDb UCCIEI0BAThL (DYHIaMEHTAIbHbIEC B3au-
MOJIECTBUSA KBapPKOB.

Emé omun mapameTrp, CBA3aHHBIN ¢ TOM-KBAPKOM, MPEJCTABISIET HHTEPEC
¢ Touku 3penus nposepku runores CM - Vy-nmapamerp marpurpr Kabub6o-
Kobasmm-Mackaso (KKM). B pamkax npeanosnoxenunit CM o Hasuwanu 1051b-
KO TPEX MOKOJIEHUII KBAPKOB B MPUPOJIEe MAaTPUIHBIH 3j1eMeHT Vi, oKa3biBa-
ercs OJM3KUM K eJUHHIE. DTO CAeyeT U3 HU3MEpPeHUil JIPYTruX 3J1eMEHTOB
KKM-marpunpt u yeaous yaurapaoctu (VVT = 1), koTopoe HakIa1pBa-
€T yCJIOBUE CBsI3M MexK1y djieMenTaMu. [lojiyuentbie u3 3Tux ycjoBuil cBA3U
3Hadenue Vi, npumepHo paao 0.999. OpHako Takoe 3HAaYeHHE MOJIYyYEHO B
npesnosioxkennn crpaseaauoctu CM ¢ tpemst nokosenusimu. Ecim ke oT-



Ka3aThCd OT TOr0 MPEINOJ0KeHUsI, TO 3HaueHne Vj, OKa3bIBaeTCs MPaKTH-
JecKH HeonpejieaénubiM. Hanpumep, eciin cyinecTByer 4eTBEPTOE MOKOJIEHHE
KBapPKOB, TO YCJI0BHE YHUTAPHOCTH COOTBETCTBYIONIEH MATPHIHI CMEITHBAHUST
4 X 4 npakTHYeCKH He HAKJIa/IbIBaeT OIPaHUYeHUil Ha BeuduHy Vi, IlepBoe
npsMoe u3MepeHne OBbLIO CJIeJIaHO TIPU HAOTIOAEHUN POXKICHUS OJJMHOTHOIO
Ton-KBapka Ha KoJutaiizepe Tevatron [3]. BeposTHOCTH POXKJIEHUST OMHOY-
HOTO TOT-KBApPKa PAMO MPONOPIHOHAILHO V2, HO B CHJIy MaJofi CTaTHCTH-
KW 1IePBO€ W3MepeHue MO3BOJINJIO0 TMOAYYATh JHUIb OYeHb TPUOIN3UTE/IHHY IO
o1eHKy mapamerpa Vi.

Omnucannble YHUKAJbHBIE CBOWCTBA TOI-KBapKa CTaBAT Iepej1 (pusukoit
9JIEMEHTAPHBIX YACTHUIl MHOXKECTBO HEpa3pEeIIéHHBIX BOIPOCOB, CPEIN HUX:

® 10YeMy TOIM-KBAPK HACTOJHKO TsI’KeJIee OCTAJIbHBIX KBAPKOB W JIEMTO-
HOB, OOHAPY2KEHHBIX B IIPHUpo/ie’

® B UM IPUYMHA TOrO, YTO YHUCJICHHOE 3HAYCHUE KOHCTAHTHI B3aUMO-
neificTBHs TON-KBapKa ¢ 6030HOM Xwurrca (IOKaBCKas KOHCTAHTA TOII-
KBApPKAa) IPAKTHYECKH DAaBHA ejuHuie’

e KaKMM 00pa3oM KBapK, 001a1as Maccoii B 175 pa3 607bIIeii, ueM Macca
BOJIOPOJIa, TeM He MEHee sIBJISeTCs TOUYedHOil JacTuieit (T.e. ero cTpykK-

TYpa, €CJIM OHA ¥ €CTh, He MPOSIBIISIETCS] BILIOTH [0 PACCTOSHIMN TOPSIIKA
10717 em?

Ha stu Bonpocst CM orBera ne jpaét. Bosiee Toro, MHOZKECTBO ucce0Ba-
Tesiedi (cM., HapuMep, [4]) mosaraer, 4To oTKIOHeHHsT OT Tpeackazanuii CM
HanboJiee APKO MPOSBAT ceOsd UMEHHO B CEKTOpe TON-KBapKa. YHUKAJIbHbBIE
BO3MOYKHOCTH JIJIsl 9TOTO TIPEICTABIILIIOT MPOIECCHl 3TEKTPOCJIaboTro poZK/ie-
HUS OJWHOYHOTO TOM-KBapKa.

Qusuka 3a npegesavu CM B cekTope TOI-KBapKa MOZKET ITPOSBJISTHCS
B TaKHUX IIporeccax Jubo Yepe3 MPUCYTCTBHE HOBBIX YACTHUIL B JIEKTPOCIa-
GOM POKJIEHUH TOTI-KBapKa (3apsi?KeHHBIX S-KAHAJIBHBIX PE30HAHCOB, B 4aCT-
HOCTH), JIn0O vepe3 u3MeHeHue mpeckasbiBaeMbix CM 3HaveHuil mapamer-
POB CBSI3U TOI-KBapKa C JIDYIHMH YacTHIAMU (HAIpuMmep, mapamerpa V).
B upe/icrasiisieMoit jjuccepraiyy OHUCAHbl Pe3YJIbTAThl IKCHEPUMEHTaJIbHbIX
UCCJIeJIOBAHUNT BO3MOYKHOI'O BJIMSTHUS HEKOTOPBHIX 3(hpekToB HOBO# (busuku
Ha POXKJEHWE OJMHOYHOIO TON-KBapKa B dKkcrepuMente D) na kosutaiigepe
Tevatron.

Huccepranuio naunnaetT BBegeHue, B KOTOPOM MpeIaraeTcs K pacCMOT-
peHuio Kparkast nundopMalus 110 Juccepral, 0OPUCOBbIBACTCH KPYT' HCCJIe-
JlyeMbIX PO0JIEM U 00CYZK/IaeTCs aKTYaJIbHOCTD IIOCTABJIEHHBIX 33,/1a4.

B rmaBe 1 upwuBejenbl pe3ysibTaThl MOMCKA 3apPsi’KEHHOTO MACCHBHOTO
BeKTOpHOro 6030Ha - W'- B s-KaHajie pOKJeHUs OJMHOYHOIO TOI-KBapKa.
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[IpeacTaBiaeHsl pe3yabTaThl JABYX AHAIN30B SKCIEPUMEHTATbHBIX TAHHBIX,
nabpannbix Ha D0-zerekrope koJutaiijiepa Tevatron, coorBeTCTBYIOIIMX HH-
Terpaabnoit ceermvoctn 230 16! u 900 n6~1. Ha stane Monre-Kapso moze-
JIMPOBAHUM CUTHAJIBHBIX COOBITHII HCIIOJIb30BaJIach HamboJiee obmias dopMma
MO/IETbHO-HE3aBIUCUMOTO JIarpanzkuana p3aumoeiicreug W’ ¢ dpepmuonamvu,
YTO IO3BOJIMIO IMPOBECTH MOUCK W/ He ommpasgch Ha KOHKPETHYIO MOJIEb.
Ocobennoe Buumanue ObL10 yaeaeno yuéry uarepdepennuu W’'e W-603010M
CM B s-kaHAJILHOM POXKJEHWH TON-KBAapKa, BKJIAJ KOTOPOIl HE YUUTHIBAJICS
paHee B 9KCIIEPUMEHTAJIBHBIX UCCIeI0BAHUAX poykaenns W/ B raknx npomnec-
cax. B pesysbprare mepBoro anajm3a OBLIH IIOTyYeHBI CAeAYIOINe Pe3yIbTa-
THI: HUZKHSIS paHuIa g Maccel W/, B3anMoeiicTByomero ¢ (pepMuoHaMu
nocpecTBoM JieBbix TOKOB (kak W), cocraBuia 610 GeV, B 10 Bpems, Kak
aas W B3amMogeiicTByIoImero nocpeacTBOM MpaBbiX TOKOB, 3Ta TPAHUIA
cocrasuia 630 GeV (670 GeV) anst W' | pacnamatomierocst u B KBApKH, U B
JIENTOHBI (TOJIBKO B KBApKH ). BTOpOil aHATN3 HECKOJIBKO YZKECTOIHT OrDAHU-
yenug Ha Maccy W': HuzkHsg rpanuna ais Maccsl W/, B3anMoeiicTBy 1ommero
¢ epMuonamu nocpecrBom JieBbix TokoB (kak W) cocrabuia 731 GeV, B 10
Bpems Kak s W', B3auMoaeiicTByIOIero mocpejacTBOM MpaBbiX TOKOB, 9Ta
rpanuna cocrasuia 739 GeV qna W, pacmagaiomerocss B KBAPKH U JICITO-
upl u 768 GeV nna W’ | pacnamaiomerocs TOabKO B KBapKH. [OIMOJIHATEIHEHO
BO BTOPOM aHa/m3e ObLIO MPOBEIEHO HCC/IeI0BAaHME 3HAYEHUIl IapaMeTpoB
cesazu W' ¢ pepmuonamu; uck/Iouensl 3Hauenns KouctanT soimre 0.68(0.72)
g Woe maccoit, pasuoit 600 ['sB aia cayuas W pacnagaromerocs Tosb-
KO B KBapKW (B JIENTOHBI 1 KBapKn). [IpuBeieHnbIii aHain3 onybanKoBaH B
paborax [5] - [8].

I'maBa 2 mocssinena aHan3y BO3MOXKHBIX OTKJIOHEHHH OT IpeICKa3aHni
CM B crpykrype Beprmuabl Witb. CM npejckassiBaet (V - A) cTpyKTypy JaH-
HOl BepIIUHbBI, B TO BpeMs Kak HauboJiee 00Ul JlarpaHzKuaH HU3IIEH pa3-
MEPHOCTH COJEPZKUT €IIE U BEKTOPHYIO MPABYIO 9aCTh, & TAKyKe TeH30PHBIE -
MPaBYIO W JIeBYIO. EIMHCTBEHHBIM BO3MOYKHBIM METOIOM MPSIMOTO W3y UeHUsI
JTAHHOH CTPYKTYPHI JAIOT IPOMECCHl C POXKJIEHHEM OJMHOYHOIO TON-KBapKa.
[IpuroroBeHHble TeHEPATOPHI CUTHAIBHBIX COOBITHI YINTHIBAIN KAK BKJIa-
JIbI OT BEKTOPHBIX U TE€H30PHBIX 4YacTeil JJarpaHzKUaHa OTJIEJbHO, TaK U WH-
repdepennun Mexk iy Humu. [Ipojenannas pabora Obljia HalpaB/eHa Ha I0-
JIy9eHUe TePBbIX YKCIEePUMEHTAIBHBIX MPEJIeIOB Ha MTapaMeTPhl, XapaKTepu-
3YIOIIKEe BKJIaT BEKTOPHOI'O U TEH30PHBIX aHOMAJILHBIX OIIEPATOPOB B MOJTHOE
CeveHne 3JecTpocaboro poxKIAeHHs TOM-KBapKa. Mbl yCTAHOBUIN CJIeIyIO-
e BEPXHUE MPE/IE/Ibl HA KBAJIPAThl IIPABOIO BEKTOPHOI'O, & TAKZKE JIEBOTO
W PABOTO TEH30PHBIX mapaMerpos: |fr, |> < 2.5, |fr.[*> < 0.5 u |fr.]* < 0.3
COOTBETCTBEHHO I M3Mepennbix snadennii [V, - fr, |2 = 1.8719, 1.4105
1.4103. PesybraTsl 3Toil IIaBBI Ope/CTaBienbl B paborax [14]-[15].
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I'maBa 3 nocasiena SKCMepUMEHTATEHOMY MOUCKY 3apszKeHHOT0 H030HA
Xurcca, BOBHHKAIONIETO B 1ejI0M Kjacce pacimupenuit CM - mojesnsix ¢ aBy-
mst Xurccopekumu gybaeramu (2HDMSs), B s-kaHaJIbHOM IPOIECCe POKIEHHsT
OJIMHOYHOrO TOI-KBapKa. Paccvarpusaioch 0.9 G6 1 manHbIX, cOOpaHHbIX
D@ nmerexktopoMm. PesynibraToM aHam3a SBUIHCH BEepXHHE TPEJE/bl HA Ce-
YeHUs POYKJEHUs 3apIKeHHBIX 0030HOB XHrcca I TPEX TUMOB Mojesneit
¢ JByMsi XHUI'CCOBCKMMU Jiy0/ieraMu ¥ UCKJ/IIo4atolias 00J1acTh B IJIOCKOCTH
(Mpy+, tan 8) ayst mogesn 2HDM nepsoro tumna.

I'maBa 4 onuceiBaeT aHAIM3 TTPOIECCOB POYKICHUS OIMHOTHOTO TOT-KBAPKA
[OCPeICTBOM HEeHTPaJbHBIX TOKOB, MeHsommx apoMar kBapkos (Flavour-
Changing Neutral Currents, F'C'NC') MeK 1y TON-KBAPKOM U U-KBAPKOM HJIH
C-KBapKOM B IVIIOOHHBIX BEpIIUHAX tgu U tgc, 9TO OTIMYAET ITOT AHAJIU3
OT TOJO0OHBIX MPEKHUX HUCCJIEI0BAHNI, PACCMATPUBAIOIIAX TOJBKO BEPIIU-
HbI ¢ poToHOM U Z-0030HOM. PaccMaTpuBanch JJaHHbIe, COOTBETCTBYIOIIHE
HHTerpaabHoil ceTuMocta B 230 n6~ 1. Takoe mccaeq0Banme MO3BOJIIIO MO-
JIVIUTH MpeJIebl Ha MapaMeTpPhl, XapaKTepU3yIoNne BeJTHINHY TaKUX Heii-
TpaibHbIX TOKOB: orpanudenus na FCNC-napamerpnot na 95% CL caepyro-
me: kS/A < 0.15 TsB™" u kY /A < 0.037 ToB~, rue /A xapaxrepusy-
eT BeTmanHy tgc-p3anmoseiicteus, a ki /A - Beqmauny tgu-s3aumoeicTBuS.
Bropoit ananam3 paccMarpuBaT KOJIUIECTBO JAHHBIX, COOTBETCTBYIONIUX WH-
TerpasbHOi cBeTuMOCTH 2.3 fb~ L, 1 HCIOIB30BAT HOBEHIIIe METOIBI SKCIIePH-
MEHTAJTHLHOTO aHAJN3a, pa3paboTaHHbIE B MPOIECCe UCCIeIOBAHMIT, Pe3yIbTa-
TOM KOTOPBIX CTAJI0 OTKPBITHE 3JEKTPOCIAb0ro POKIeHUsT TON-KBapKoB|11].
Pesynbraramu noseiitrero anainsa, omybankosanusiMu B [12]-[13], saBasiorces
bosee KECTKUE OUpAHUYEHHs HA ODJACTH aHOMAJbHBIX HapaMeTpOB, OIpe-
nmenstomux Bennunny F'CNC-B3anmoaeiicTBus: k;//\ < 0.057 TsB~' u
kg /A < 0.013 T5B™!, uTo cooTBeTCTBYeT CjepyIONEM OrpaHHYeHHAM Ha
J0/m 1osiHof mupunbl pacuaga: B(t — cg) < 3.9 x 1073 u B(t — ug) <
2.0 x 1074,

3akaoUYeHne colepKUT OCHOBHBIE PE3Yy/IbTaThl MPOeJTaHHOW PAbOThl 1
BBIBOJIBI.



I'maBa 1

Ilouck poxkjenus
JIOTIOJIHUTEJIHHOTO MAaCCUBHOTO
BekTOopHOro 6o3ona (W') B
polieccax PoXKJIeHus TOM-KBapKa

1.1 IlocranoBKa 3ama4n

MuoxkectBo Teopuit pusuku siemenTapubix dactui 3a npeaeaavu CM npe-
CKA3BIBAIOT CYIIECTBOBAHUE JOTMOJHUTE/IHHBIX YACTUIL K YK€ UMEIONIUMCS B
CM. st Toro, 9To0bl HECTAHIAPTHBIE YACTHUIIHI TABAIN OILY THMBI BKJIAT
B POXK/IEHHE OJIMHOYHOTO TON-KBapKa Ha aJPOHHBIX KoJLIaiigepax (mpu pac-
CMOTDEHHUH JHArpaMM TOJBKO JPEBECHOTO YPOBHS) HEOOXOJMMA WX CBSI3b C
Ton-KBapKoM u Oosiee Jjiérkumu dbepmuonavu |4]. OnHoit u3 Takux HecTaH-
JIAPTHBIX TUMOTETUIECKN BO3MOXKHBIX YACTHIL SIBJISIETCS MACCHUBHBIN BEKTOP-
uulit 60300 W', B3anmoneiicTByomuii ¢ Ton-kBapkoM nocpeacrsom W'th sep-
ITITHBI.

[enstit psy paciupenuit CM 1aér 3esénblit cer cymecrsoanmio W/[18].
OnHako mpejcKa3biBaeMble CBOCTBA 3TOI YACTHUIBI CUIBHO PA3HATCI B 3a-
BHCHMOCTH OT BU/Ia KOHKDPeTHOI Mojesm. Hampumep, pomnoHure/ibHbI 3a-
PsiZKeHHBIN BeKTOpHbBIIT 6030H, mosBsomuiics B mMoje/sax Universal extra-
dimensions [19, 20| kak mm3mas Kamysa-KisiiHoBckast Moia 3apszKeHHOTO
Kamu6poBoaHOro 603002 W, mveer Takyio xe (V-A) KHpaabHyIo CTPYKTYPY
B3anMoeiicTBud ¢ depMuonamu, urto u W+ B CM. B ,top-flavor® monemax,
rae 3aumoseiicrsue W' ¢ hepmuonamu 11epBbIX JBYX U TPETHErO MOKOJIEHU
peayin3yercsi pa3JuIHBIMU CIIOCOOAMU B 3aBUCHMOCTH OT BEJWYUHBI KaJIuO-
POBOYHBIX IIAPAMETPOB CBA3H g, U ¢, CBA3b W’ ¢ TpeTbUM HOKOJIEHHEM CHIb-
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Hee, UeM C MEePBBIMU JIBYMS, €CJIH §), > ¢;; €CJIH Ke g, < ¢; - B3auMO/IeliCTBHe
MMeeT POTUBOINOJIOKHYIO Kapruny |21, 22].

W' 6030HBI TOABIAIOTCS B IEJOM KJACCe TaK HasbiBaeMmbix Jleso-TIpasbix
CHMMEeTPHYHBIX Mojeseil [23, 24, 25, 26, 27, 28, 29|. Ilpocreiimee JleBo-
[IpaBoe cummerpudnoe pacmupenne CM ocHOBbIBaeTCs Ha KaJauOPOBOYHOM
rpymne U(1)xSU(2), xSU(2) . /Iuneiinas koMOHHAIHS 3apsS2KeHHBIX KaTHO-
POBOYHBIX OJIEl aéT MaccuBHBIE coOCTBeHHBIE cocTosinug Wi = cos ( Wy, +
sin(Wg, Wy = —sin( W + cos( Wg, tne W, npeacrapisier HabJromae-
murii W boson, a W5 u ecre W5 ( - mapamerp cmemuBanust 6030HOB PaBoit
U JIeBOil KasmOpoBouHBIX rpyiil. [lapamerp ( orpanuden odeHb MaJIeHbBKUM
spadenneM (¢ < 1073) ana uckmouennsa (V-+A) 3apsazKeHHBIX TOKOB MeiK-
ay gerkumu pepmuonamu CM, Kak Toro rpedyor SKCIepuMeHTaJIbHbIe JTaH-
ubie |30, 31]. B arom ciayuae B3ammogpeiicreue W' ocyinecTsisiercss npakTu-
YECKU OJITHO3HAYHO TMPABBIMHU TOKAMH.

Xorg W’ He OTKpPBIT, CyIECTBYIOT Pa3JUYHbIe SKCIEPUMEHTAILHBIC IIpe-
nensl Ha ero Maccy. Kak suaum, mozenn ¢ W’ comepzkar 60JbInoe pasnoob-
pasue napaMerpoB, U HeIpsMble OrpaHudenus Ha maccy W' cuibno 3aBucar
OT BU/Ia KOHKPETHO MOe/H - 3TU (PaKThl B COBOKYITHOCTHU JAIOT JOCTATOTHO
IUPOKHI PErnoH BO3MOXKHBIX 3Hauenuii My, - or 549 T'sB no 23 TsB [33].
[Ipsimble ke orpannydenusd Ha My MOJYyYeHBl B IIPEJIIOJIOKEHHH O YHUCTO
JIEBOI WM YHCTO HpaBoil cTpyKType BepuinH B3aumogeiicrsus W' ¢ dep-
muonamu. Hampumep, mouckun W’ B jnenToHHOM KaHae B IIPEINOJ0KEHHN
My > M,,, (1.€. BO3MOXKHOCTH CyIIECTBOBAHUSI IIPABOBUHTOBOIO HEHTPHUHO)
nasm orpanndenue My >786 I'sB [34], monckn W' B kanase ¢ 1érkumMu cTpy-
avu (My < M,,,) orpanuuniu maccy W’ cuusy snauennem 800 5B [35]
(B oboux uccaenoBanusax W’ moapasyMeBasicst JTeBOB3AMMOIEHCTBYOIIIM).

OmuuM u3 HamboJiee MEePCHeKTUBHLIX U MHOTOOOEIAIONINX KAHAJIOB IIO-
ucka W' asnserca upeanosnaraembiii pacnag W/ B KBapku Tpernero mo-
KOJIEHUS - TaKOW KaHaJI MMeeT OTHOCUTEJIbHO CJalblit (pOH 10 CpaBHEHUIO
¢ JIEPKOCTPYITHBIM KaHAJIOM U cTparerusa moucka W’ B takom kamasie Gosee
MoJebHo-He3apucuMa. [loucku W’ B TakoMm Kanaje mpoBoauinch Ha Te-
BarpoHe koJtaboparueit CDF npu o6paboTke JaHHBIX, COOPAHHBIX B 3TOM
jlerekrope B 1epuoji ¢ 1992 no 1995 rojpl. PesyiibraroM siBUJIUCH CJie/1yI0-
e orpanndenusi Ha My, (W' paccmaTpuBajicst HMEIONMM IPABYIO CTPYK-
Typy): B npeamnosoxenun My, > M, umxuss rpamuna gaias My, cocra-
Bua 536 B, npeanonoxkenne ke HeposmoxkHocTH pacuaga W' B sento-
ubl (My < M,,) nano Gojee CymeCTBEHHOEe HUYKHee orpaHumvenne B 566
['>B [36].

W' 6030H, pacnajamomuiics B TON-KBapK U b-KBapK, MOKET JIaBaTh OIILy-
TUMBIH BKJIAJ B MPOIECC POXKIEHWS OJNHOIHOIO TOM-KBAPKA HA A POHHBIX
KoJLTaliiepax. B maHHO T/iaBe paccMaTpHUBAIOTCA JBa IMOCIEI0BATE/THBHBIX
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AHA/IN3a IKCIEPUMEHTATHHBIX JIAHHBIX (COOPAHHBIX 3a MEpUOJ PabOTHI Jie-
rekropa D) nporon-anTunporonHoro koJuiaiiaepa Tevatron ¢ asrycra 2002
no Jekabpb 2005 roga) Ha HpeaMeT NPUCYTCTBUST MACCHBHOIO BEKTOPHOTO
6o3omna W' B mpomneccax poxKaeHusl OJMHOYHOTO TON-KBapKa. /lannas gacThb
Juccepranun 6asupyercs Ha padorax [5] - [8].

1.2 ®enomenoJiorng poxacHua W' wa aapon-
HbIX KOJLJIaijgepax.

Koneunoe cocTosiHre IPOIECCOB ¢ POKIEHUEM OJIMHOYHOIO TOI-KBapKa OYeHb
4YBCTBUTEJbHO K IPUCYTCTBHIO MaccuBHbiXx W' - Giaarogaps pacnaanoi ue-
nouke W’ — tb ¢ nocaeayomum pacnagioM Ton-KBapka B b-kBapk u W-6030H.
Takas menovyka Bo3MOKHA TOJIBKO TTpu My, HOIBIIAX CYMMBI MacC TOTa W
b (mpumepno 200 I'sB). [asee, nosBieHne MHKA B PACIPEIETCHUN KOHETHOTO
COCTOAHUS tb IMOCTYKUT UHAMKATOPOM npucyTcTBug W's npomecce. Ha puc.
1.1 npejicraBjienbl JiBe OCHOBHbBIE JMarpaMMbl POXKJIEHHS OJUHOYHOI'O TOII-
KBapKa B S-KaHAJBLHOM Mporecce - ¢ ydactuem W-6o3oua CM u ¢ yaactuem
W’'-6030na. [Tonasnsaromuii Bkiaa B 00IIee CeYeHne TPOIECCa JAI0T TPOIEeC-
CBI ¢ pacnajioM Ton-KBapka B dactuibl CM - W n b-kBapk; n3-3a mosBjieHus
6oJ1ee MacCUBHOrO, 10 cpaBHeHnIo ¢ W-603000M, W’-6030Ha B KOHEYHOM CO-
CTOSIHUM LPOIECCHI, COOTBETCTBYIOIIME pacuay Ton-kpapka Ha W'-6o30n n
b-kBapk garor BkJaaj Ha yposae 0.01% or monmoro ceuenns. Ecrecrsenno,
W' npunnmaer yvactue m B t-KaHAJIBHOTO POXKIeHMs Tom-KBapka. OaHako
BKJIaJI UX B 00IIee cedeHne TOKe MaJl U IOITOMY He PacCMaTpHUBAJICI B aHa-
JIA3e.

Puc. 1.1: TuarpaMmbl s-KaHAJIBHOTO TIPOLIECCA POKJIEHUST OJMHOYHOIO TOI-KBapKa
c yaactueM (a) W-6030ma Crangaprroit mogenn u (b) JOMOJHATEILHOTO 3apsIzKeH-
HOro BekTopHoro Gozona W'.

OO6mmii MO ILHOHE3aBUCUMBIH JIarpanzkuan B3aumoaeiicrsus W/ ¢ kpap-
KaM¥ ¥ JIETITOHAMY BBITJISIIUT CJAEIYIONIUM 00pa30M:

Viw,
= L9 (g, (1 +7°) +ag, (1=7")W'q; + He.  (L1)

L=
2v/2
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Ha6op napamerpos casu W’ ¢ | Onmcanme
depmuonamu (cum. (1.1))
1-writ crienapwmit aé o= 1,afiqj =0 W', BzaumoueiicTBytommii 1o-
CPEICTBOM JIEBBIX TOKOB, TaK
Ha3bIBaeMblit ,, S M-like W'
2-biit crieHapuit agiqj = l,afl_‘;qj =0 W', B3amMozmefcTByIOmmit 110-
CPEJICTBOM TTPABBIX TOKOB
3-biit crieHapuit aqLi o= 1, aiqj =0 ,,CMEIITaHHbIN “ CITy Jai

Tabsmna 1.1: Onucanne npenoaaraeMbix crienapues B3aumogeiictsus W’ e dep-
MHUOHAMU.

rae Vi,q; - 9mement Marpunpl Kabn66o-Kobagmu-Mackago [7is COOTBETCTBY -
R L

IOIUX KBAPKOB; g, (g, ~ TAPAMETPEI CBSA3H W' ¢ depmuonamu crogimue,
cOOTBeTCTBEHHO, nepes npasbiM (Pg = 17, (1+7°)) u nesbiv (P, = 37, (1 —
7%)) HPOEKIMOHHBIMH olepaTopamu; ¢, = €/(sinf,,) - KoHCTaHTa c1a6oro
B3aumoseiicreus CM.

Taxk xax W' n W oba gaor BKJIaJ B IPOLECC S-KAHAJBHOIO POXKICHHS
TON-KBapKa M B3aWMOJIEHCTBYIOT C OJHUMHU W TeMu ke (pepMuoHamMu, COOT-
BETCTBYIOIIHE JHATPAMMBI MOIYT WHTepdhepupoBaTh Mexky coboii [4] mpu
onpeeéHHbIX mapaMerpax csasu W’ ¢ depmuonavu CM. Jletanbublii ana-

i3 uaTepdepeHnun Nposeien B pabore (37|, rie

e 000CHOBaHA BaKHOCTH y4UéTa BJIHAHHA HHTEP(EPEHIHOHHOIO TIEHA;
BKJIAJ[ €10 oTpurareset u cuabHo (10 30%) yMeHbIaeT moIHoe cevaeHne
LPOIECCca POXK/IEHUsT OJIMHOYHOIO TOI-KBapKa B s-kanaJe jis W’ ¢ kon-
crantamu ¢Bsa3u W’ ¢ pepMuonaMu, SKBUBAJEHTHBIMYU AHAJIOIMYHBIM Y
W, n maccavm W', nexkammMmn B uccaeayeMoit 001acTn.

® IIPUBEJIEHA CXEMa [IPABUIBHOIO MO/IEJIMPOBAHUS COOBITUI C POXKIEHUEM
W'-6030Ha B KaHaJje ¢ OAMHOYHBIM TON-KBAPKOM Ha 8IPOHHBIX KOJLJIAMH-
nepax. Cuenapun B3anmogeiictsus W' ¢ dpepmmonavu, neobGxoaumbie
JIUTsL €r0 MOJIeTbHOHE3aBUCUMOTO MOWCKA Ha aPOHHBIX KOJLIaiiIepax
KpaTKo onucansl B Tab. 1.1

Ha puc. 1.2 Bausgnne uaTepdEpeHIIn MOXKHO IBHO HAO/I01aTh. B ciy-
qae W', B3aumozeiicTByomero ¢ (pepMuOHAME HOCPEJICTBOM HPABBIX TOKOB,
pacmpeaeneHne cedeHns 10 HHBAPUAHTHON Macce Hosiee TIagKoe, B TO BpeMs
Kak B CJydae jJieBop3aumoseiicreyoniero W’ nwmocrpupyionias 3aBUCUMOCTh
KPHUBasl PE3KO ,,HBIPSIET “BHU3 - UMEHHO U3-3a JIECTPYKTUBHOTO BJIMSIHUSI WH-
TepdepeHnIOHHOI0 YIeHa.
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Bamerum, 4To g reHepanun W'-coObITHIT MCIOIB30BAIOCH 3HAYCHUS
dbakropusanuonnoro maciraba, pasaoe My (cm. 7?) B 1O Bpemsi Kak Jijisi
redepamnuun CM-coObITHIT HCIIOJIB30BAJIOCH 3HAYEHHE TOTO YKe TapamMeTpa, Pab-
Hoe M; - 1 UMEHHO IIO3TOMY Ha puc. 1.2 MOKHO HAOJIIOJATh HEKOE Paccoria-
COBaHHe MeXK/Iy KPUBBIMHU B IHUKaX. Takas HecOT/IacOBAHHOCTH NPH BBIOOpE
mapaMeTpoB HUKAK He OTPA3UTCA HA pe3y/bTaTe, TaK KaK B aHAIU3€e He pac-
CMaTPHUBAJIUCH COOBITHS ¢ MHBApUAHTHOW Maccoil dyactull, nuzke 400 ['5B

> F -sum S F (MW= Tg

8 [ W, 1 @ 8 r ,,(SM+W'§)ﬂ only q g O
o 10F MW . o 10k ~Wk-onlygq

@ E Vo (] E

8 o g f

g 1 g 1

.T S N 73[ .T £

=l =R

Z10% " 10t

X L ! X L

E F },_‘ 2 L

ke il L PN I S S ke | S I S S
5 O 200 400 600 800 5 O 200 400 600 800
© o

M [GeV] M [GeV]

Puc. 1.2: Pacupenenenue ceuenus npomecca poxkaenusa W' 1o nuHBapuanTHOI Mac-
ce TIPU Pa3IMYHBIX ClleHapuax Bzammogeiicteusa W' ¢ depvmonamvu (cm. Tab. 1.1)
mast My, pasroit 600 I'sB.

1.3 Monute-Kapao moaenmmpoBaHme COOBITHII C
poxxaenueMm W' B mporeccax poxKIeHnus OIu-
HOYHOI'O TOMA

s npurorosyienusi Monre-Kapiio cobbiTuil mpoieccoB poxKaeHusi OJIuHOY-
HOTO TON-KBapka ¢ npucyrcrsueM W/, paBHo Kak m Jj1st TPUTOTOBIEHUS CO-
6erruit CM-mporeccos ucnosb3osadcs reaeparop CompHEP|38], B koropsrit
ObLTH BCTaBsieHbl cooTBercTByiomue (1.1) npaBuna @eitavana. [Iis Kazkioro
cuenapug s3aumogeiicrsug W’ ¢ dpepMuonaMu, OIUCAHHOIO B KOHILE IIPE/IbI-
Jyleil vacTu ObLIM CO34aHbI COOBITHS JI8 PAa3JMYHbIX 3Hadenuit macc W' -
¢ warepsajoMm B 50 ['9B or 600 mo 800 I'sB. 3aBucumocts mosiHOi mupu-
upl pacuaga W’ or ero mMacchl, COOTBETCTBYIONIME CEYCHUS I IPOIECCOB
MAapTOHHOTO YPOBHS U WHGOPMAIUA O MapaMeTpax I'eHepallul IIPUBE/IeHbI B
1ab. 1.2, 1.3 u 1.4. Uurepdepennus mexay W-u W-6030HaMu yuuThIBaIACE
npu reaeparuu coobituii, coorsercryomue N LO-cedenus jijisi HOPMAPOBKHI
ObLIH B3ATH 13 [39).
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My, T5B | 500 600 700 800 900 | 1000
Iy, 9B | 16.14 | 19.65 | 23.12 | 26.58 | 30.01 | 33.44

Tabsmna 1.2: 3asucumocts noanoit mupuns pacnaga Wor W ana My = 175 5B
B NIPEJIIOIOKEHIN BO3MOKHOCTH pactnana W'B KBapku m JlenToHbI (€C/IU JIeNTOH-
Hble paciaasl W sanpemennsl, To BeMYUHLL B Tab/IMIE YMEHbIIAITCA Ha (axTop,
paBHbIit 3/4).

Macca | (Ceuenne poxnerms W') x BR(W’ — tb) [pb]
600 ['5B 2.17 (£12%)
650 5B 1.43 (£12%)
700 I'sB 1.03 (£13%)
750 TsB 0.76 (+14%)
800 5B 0.65 (£18%)

Tabmuma 1.3: Ceuenns 1poLeccoB POXKIEHUd OJIMHOYHOIO TOLU-KBAPKa Ha KOJLIaii-
nepe Tevatron (y/s = 1960 I'sB) B mpuCyTCTBUM MaCCHBHOTO BEKTOPHOTO 60O30HA
W', szaumogeiicryromiero ¢ dpepMuoHamu 10 1epsomy cienapuio (cm. tab. 1.1).
Heonpenenénnocrn (B ckobkax) cBsazanbl ¢ MacmTaboM dakropusanun, dyHKIme
pacIpe/ie/IeHnst TApTOHOB U MAaCCOi TOI-KBAPKOB.

(Ceuenme poxgernus W) x BR(W’' — tb) [n6]
Macca | W’ — KBapKu H JIEI'TOHBI W' — xBapkn
600 T>B 210 (£12%) 279 (£12%)
650 ['sB 1.25 (£12%) 1.65 (£12%)
700 T'sB 0.74 (+13%) 0.97 (£13%)
750 T'sB 0.44 (£14%) 0.57 (£14%)
800 ['sB 0.26 (+18%) 0.34 (+18%)

Tabsuma 1.4: Ceuennst npomeccoB POXKIEHWS] OJMHOYHOTO TOM-KBapka (pp —
W/W' — t(— v, i, b)b + t(— 1, u,b),b) na xomnaitnepe Tevatron (y/s = 1960
I'sB) B npucyTCTBUM MaCCHBHOTO BeKTOpHOTO 6030Ha W/, B3amvoseiicTByomero ¢
depmmonamu o Bropomy crienapuio (cum.1.1). Heompenenénnoctu (B cko6kax) cBsi-
3aHbl ¢ MacmTabom pakropusaimu, OyHKIMEH PaCIpeie/ieHrs TaAPTOHOB U MaCCOii
TOI-KBAPKOB.
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ITapameTrp BrnibpaHHoe 3HaUYeHUE
CrpykrypHble DyHKIINT CTEQ6M
QCD-scale My
M, 175
my 4.85

Tabauma 1.5: 3navenna napamerpos reaeparopa CompHEP, ncnonbsyeMbIx mpu
reHepanyun cooOBITHil JI/Is MOJIe/IbHOHE3aBUCHIMOTO TToucKa, W',

1.4 JleTasim mepBOro ImpoBeJEHHOTO aHAJIN3a

1.4.1 OTb6op maHHBIX U COOBITHI

Tormonorust pUHATLHOTO COCTOSIHUST TTPOIECCOB POYKIEHUST OJUHOTHOTO TOTI-
KBapka ¢ BeposaTHbIM mpucyTcrBueM W' TakoBa, 9TO OTOMPAIOTCS MPEXKIE
BCEro COOBITHUS C JIEMITOHOM, HMEIOTIIM OOJIBIIYIO0 BETHINHY MOTIEPEYHOTO UM-
IIYJIbCA, 3HAYUTEJbHBIM HOTEPSHHBIM HMILYJIbCOM (YHOCHMBIM HEHTPHHO) U
nBymst b-crpysivu. Cpean Beex (POHOB K JIAHHOMY MPOIIECCY BEJTUINHON BbI-
nensitoress W+ jets nporecchl U MpoLecehl POzK IeHust maphl tf, GOHOBBIM Mbl
TaKzKe CUYNTaeM t-KaHaJIbHOe POXKJIEeHWe OJMHOYHOTO Tom-KBapka. [Ipemcka-
3piBaemoe [39] ceuenne poxaenus W’ Gosbire 15 06 it MAPOKOTo Kaacca
Mojie/ieit, Tak uiiu nHade BKJIOYEHHbIX B Tad. 1.1. Ha momenT mposejienus
aHa/IM3a OTPAHUYEHUE HA CEYeHHEe S-KAHAJTbHOI'O POXKEHHE TOI-KBapKa CO-
crapysuio 6.4 n6 w3 amagusa ¢ mpuBaedeHneM Heiiponmbix cereii [40] n 13.0
16 u3 mojcuéTa mpocThix coObiTuil [41]. Takue orpaHuYeHust €CTECTBEHHBIM
00pa3oM CHEMAaIOT NMOTpeOHOCTL B moucke W/ B MaccoBBIX 00/IaCTIX HUZKE
400 I'B.

B nepsom anasuze, nposeaénnom Becuoi 2006 1., oOpadbarbiBajiuCh Jiel-
TOHHBIE (3JIEKTPOHHbBIE U MIOOHHBIE) cOObITHS, MpuHsATHe DO  nerekropom
¢ aprycta 2002 r. mo maprt 2004 1. ¢ HOMOIIBIO TPUITEPA, IIPU TPEOOBAHUH
OPUCYTCTBUS KJIacTepa 3TeKTPOMATrHUTHON SHEPTUH U CTPYU B KAJTOPUMETpe
JUIsl 9JIEKTPOHHOTO KaHada (MIOOHA W CTPYH JJisl MEOOHHOTO) ¢ HHTErDasb-
HO#t cBeTuMOCTBIO 226 £ 15 16! ju1s1 ss1exkTponnoro kanasia u 229 £+ 15 n6~*
Jutst MioonHOTo. Kputepuu orbopa coObITHil BEIOMPAJIMCH UJIEHTUIHBIMEI TEM,
9T0 HCIOJb30Bauch B [40] ¢ Toil nuiib pasHuIei, 9T0 OCTABISIUCH COObI-
THS ¢ IBYMS WJIH TPEMS CTPYSIMH; YeThIPEXCTPYITHbIe COOBITHS UCKTIOYATICH
BBUJIy CHIBHOTO BIUAHHA ti-DOHA.

B sjiekrponHoM KaHaJie COObITUS BbIOMPAJIUCH TpeOOBAHUEM HAJMYUS B
TOYHOCTH OJIHOTO M30JIMPOBAHHOIO 3j1eKTpoHa ¢ Ep > 15 u |nje| < 1.1, B
MIOOHHOM K€ - OJIHOTO M30JIHPOBAHHOTO MIOOHA Pp > 15 U [nje| < 2.0. dust
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cOOBITHIT 000MX KaHAJIOB HAKJIAIBIBAJIOCH TPpeOOBAHNE HA BEJIMIUHY HOTEPSTH-
HOII norepevHoit uepruu - Lp > 15; cobbiTus JIOJZKHBL ObLIN COJIEePKATH 2
win 3 crpyu ¢ Er > 25 u |nje| < 2.5y ocnoBroit u Ep > 15 u |nje] <34y
JIOTIOJTHUTETHHBIX.

MpbI TpebyeM HaIM4IUsI XOTs ObI OJHO# b-moMedeHHOll cTpyn u JieJIUM Ha-
I JaHHbIE Ha JIBa OPTOTOHATBHBIX TMOJHAOOpPA B 3aBUCHUMOCTH OT TOTO, CO-
JIepKAT JIM OHU OJIHY WJIM JIBE TAKUX CTPYH.

1.4.2 PesyabTaTrhl oTOOpa

llon axuenmarncom mompasymMeBaeTcs BbIparkaeMas B MPOIEHTAX YaCTh CO-
ObITUI, HPONIEIINX KpUuTepun 0Tdopa.

st onenkn aknenranca npu poxkgaennn W/ucnoab3oBasmch coObiTus,
cozpannbie ¢ omornsio CompH E P, netaiu reHepamii KOTOPBIX OTPAZKEHBI
BTabd. 1.2 m 1.5, 1.3 u 1.4.

Bxiaag or W + jets, WW u W Z donos onenuBaiuch ¢ momombo MEK-
COOBITHI, CO3MAHHBIX ¢ TOoMOIIbI0 reHepatopa ALPGEN [91]. HaGpauusie
coowrtust it ponoB WW u WZ mopmuposasuce va N LO-cedenusi, no/i-
canrannele ¢ noMomeio makera MCFM ([43], [44]). Habpaunsie cobbiTust
W + jets-pona nopmanuzoBaiuch Ha MK-cobbiTusg nepe rpeboBanueM Ha-
Juand b-momedenHoi crpyu. Hopmanuzanus K TaHHBIM TaKzKe NPUMEHSIach
JUTST MAJIBIX BKJIAJIOB, TAKUX, KaK OT Z + jets-COOBITHUiA, T/ie OJIUH OT JIETTO-
HOB U3 pacuaja Z-0030Ha He PeKOHCTPpyupoBaJics. Bkiag ot poHa ¢ mapHbIM
POKICHUM TON-KBapKOB (tt) Toxke omenmpaica ¢ nomonbio MK-coOwbirmii,
cozpanubix remeparopom ALPGEN, uwopmupoBanubix Ha (N)NLO ceve-
uug o(tt) = 6.7 £ 1.2pb [45]. CobbiTus ¢ {-KAHAJBHBIM DOZXKJIEHHEM OJIH-
HOYHOTO TOI-KBapKa, paccMaTpuBaeMble Kak (DOHOBBIN Tporecc (K CUrHa-
Jay - uporeccam poxjienust W) 6puin orHopmupoBanbl Ha N LO-cedenust
o(tgb) = 1.98 & 0.32pb [46]. B oboux ciydasix HempeIeJéHHOCTH BEJINYU-
HBI MAacCChl TOT-KBapKa BK/0YAJIaCh B HEONPeIeeHHOCTh cedenusi. CoObI-
THsI TAPTOHHOTO YPOBHS 3aTe€M MPOIMYCKAIUCH Yepe3 DO-mporpaMmbl peKOH-
crpykiun, 6asupyonecst Ha Pythia [47] u Geant [48].

AKnenTanchl Jjisi CHTHAJIbHBIX COOBITHIT ¢ IPUCYTCTBHEM XOTsi Obl OJIHOI
b-raruposannoii crpyu caenyomue: 4.0 £ 0.4%(5.1 £ 0.5%,1.2 £ 0.1%) ans
maccest W600 T'sB (700 T'sB, 800 I'sB). Ilpn Bbrunciennn akmnentaHca mpu-
HUMAJIICh BO BHUMAaHNe BCEBO3MOXKHbBIE PACIIA bl OJUHOYHOTO TOTA, BKIIOYa-
fore B ceOs BCe aJIpOHHBIE U JIENTOHHBIE pacnaasl W-6030Ha. Komndyectsa
coObITHil, 1porie/mux orbop, upusejieHbl Ha puc. 1.6.
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Koa-Bo coberruii, nporeamux or6op
DJIeKTPOHHBIA KaHaga  MIOOHHBINH KaHA
=1 Tag =2 Tags =1 Tag =2 Tags

Curran: CM + nesbrit W’

W’ (600 I'sB) 5.8 1.6 6.1 1.6
W’ (650 T'sB) 3.7 1.0 3.5 0.9
W’ (700 T'sB) 2.5 0.7 2.6 0.7
W’ (750 T'3B) 1.8 0.5 1.8 0.5
W’ (800 T'sB) 1.5 0.4 1.5 0.4
Curnas: npaserit W/ (W' — keapkn)
W’ (600 T'sB) 7.6 2.0 7.8 2.0
W’ (650 T'sB) 4.1 1.1 4.5 1.2
W’ (700 T'sB) 24 0.6 2.6 0.7
W’ (750 T'sB) 1.4 0.4 1.5 0.4
W’ (800 I'sB) 0.7 0.2 0.8 0.2
Donbt
CM s-kanaiu 0.32 0.09 0.35 0.09
CM t-kanai 3.7 0.3 3.5 0.2
tt—I+jets 12.7 2.6 11.8 2.3
tt—ll 6.2 1.4 6.4 1.4
Wb 14.7 2.4 13.7 2.3
Wij 64.6 14 57.9 1.1
Ww 0.7 0.0 0.7 0.0
Wz 0.6 0.1 0.5 0.09
MmuorocTpy#iHble TPOTEcCh 12.1 0.2 14.6 0.1
CywmmapHsbrit hon 115.1 8.4 109.0 7.5
Jannbre 107 10 102 13

Tabmuna 1.6: CobpiTus, mpomie/mme 0OCHOBHbIE KPUTEPUH OTOOpA.
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Puc. 1.3: Pacupesenenne ceuenust o peKoHCTpyuposanuoii Macce W/, nopmupo-
BAHHOE HA, €JUHUILY, JJjisi TPEX 3HAUEHUIT €ro MacChl BMeCcTe C (POHOBBIME IPOIEC-
CaMu.

1.4.3 Ilocaemanuit 3Tan aHaan3a

Haynyureit BO3MOXKHOCTBIO /I TIOMCKA YACTHUIL TAKOI OOJIBIIONH MacChl, KaK
W’ - 910 peKOHCTPYKIUs MHBAPUAHTHON MACChl HPOIECCOB PE30HAHCHOIO
poxkjennst. Mbl pekoncTpyupyeMm uHBapuanTHyio Maccy W' (to ecth Beex
0ObEKTOB B KOHETHOM COCTOSTHUH ) Ty TEM CYyMMUPOBaHMUsl 4-BEKTOPOB KBaPKO-
BBIX CTDYil, JTenToHa, HelWTpuHO u3 pacnaga W, uaymiero, B ¢cBOIO o4epeinb, U3
pacmaja Ton-KBapka. KoMmouneHTs 4-BeKTOpa HEHTPUHO B IOMIEPETHON TLITOC-
KOCTU (ZTY-IJIOCKOCTH) PACYUTHIBAIOTCH € IIOMOIIBIO U3BECTHON HOTEPSIHHOMN
SHEPIUH; Z-KOMIIOHEHTA - BHIOMPAHNEM MUHUMAJIBHOIO PEIIeHUsT YPaBHEHUsI
p? + p2 = M3, ornocurensho |(p,).|.

Ha puc.1.3 mpescraBiieno pacipe/iesieHue cedeHns 10 THBAPHAHTHO Mac-
ce W' njst Tpéx pa3nudHbIX 3HadeHuit My BMecTe cOo BKJIaJIaMH OT Pa3JIHd-
HbIX (boHOB. BKIaabB1 OT BCeX (hOHOB MMEIOT TUKHU TPU HHBAPUAHTHBIX Maccax
nuzke 400 I'sB u cxongar na ver B paitone 800 ['3B. Tak kak curuaJibHbIil po-
necc comeprkat Kak Bkyaz or W, tak u or W', B ero pacupeenenun najandve-
CTBYIOT JIBa IHUKA - OJMH IPU 3HAYEHUH MHBApUAHTHON Maccel W', npyroii -
TaM, rje TOMUHUDYeT BKJIAJl OT S-KaHAJIbHOTO pOXKIeHus Ton-KBapka B CM.
Paznuna B mukax HATAJKHBAET HA ONpeIeJEHHbIE MPeINOI0KeHnsd 00 OTHO-
CUTEJIbHBIX BKJajax B nojnoe cedenune CM-vyactn n wacru ¢ W’- nanpumep,
npu My, pasnoit 600 I'sB, gomunupyer Bkaag or W/, npu 800 I'sB - na-
060pOT.

Ha puc. 1.4 cpaBHEBaeTCa pacipe/e/enne o naBapuanTHoil Macce W'e
CYMMapHBIM BKJIaJOM BceX (oHOBBIX mporeccoB. [lokazan TakzKke oxkuaae-
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Puc. 1.4: Pacupenenenus mo uaBapuanTHO# Macce W/ Ipu pasjudHBIX 3HAYCHH-
ax mace (s esoszanmoeiicreyromero W) u pacnpesenenus (hbOHOBBIX IPOIIEC-
coB. Ilokazanbl 3/71eKTPOHHBIE, MIOOHHBIE COOBITUS U COOBITHSI C OJHOU CTpyeill OT
b-kBapka u ¢ JByMsi. JleBas rucrorpaMma uMeeT OObIYHYI0 BEPTUKAIBHYIO IIKAJLY,
[paBasd - JIOTapuMUIECKYTO.

MBI BKJIaJ, OT pa3iMdHbix mace W,

Mpb1 BUUM, 9TO €CTh JiBa COOBITUS HAa WHBAPUAHTHOW Macce, OJIM3KOM K
800 ['sB, B To BpeMs KaK KOJTMIECTBO OyKHIA€MBIX COOBITHIT U3 (pOHA IMOPSIKA
0.5. DTO WpeBLINIeHNEe COTJIACYETCS C MPeICKA3bIBAeMbIMU BEPXHUMH (DITyK-
ryanusgmu dona. Bojiee 1oro,00a cobbITUS MOSIBUJIUCH U3 MIOOHHOI'O KaHaJ 1a
¢ OfHON b-moMedeHHON CTPYEH M MOXOXKe Ha TO, YTO UMILYJILC MIOOHA, ObLI
HENPABUJILHO M3MepPeH B OJiHOM u3 cobbiTuit. Takum obpazom, nabJiojenue
W' kaxKymeecs - nogBIeHe TAKUX COOBITHII COrIAcyIOTCd ¢ Hamreil hoHoBoi
MO/IEJIBIO.

1.4.4 CucremarnyecKue HeONPeaeJIEHHOCTH

CucremMarnvyecKne HeOIpe e IEHHOCTH ONEHHBAJINCH OTJ/IEJbHO JIJId COOBITHIL
MIOOHHOT0, 3JIEKTPOHHOTO KAHAJIOB M PA3HOI0 KOJHYECTBA CTPYii, HOMedYeH-
HBI KaK UAymuX oT b-kBapka. OCHOBHBIE HCTOYHUKH CHCTEMATHYIECKHUX HEOIpe-
JeJEHHOCTel B CUIHAJIBHBIX B (DOHOBBIX AKIIEIITAHCAX - 9TO (&) HEOmpe1eseH-
HOCTh, CBSI3aHHAsI ¢ MoJejnpoBanuem uaentudukanuu b-crpyu, (b) meonpe-
JeJIEHHOCTD, CBsI3aHHAsi ¢ TONMPaBKOil K 3Hepruu crpyw, (¢) 5% Heomnpee-
JIEHHOCTb, CBsI3aHHast ¢ 9(DdeKTUBHOCTBIO uaeHTHhuKannu 06bekToB, (d) 5%
HEOIPEIeIEHHOCTD, UJIYIas OT MOJIeINpoBanus Tpurrepa u (e) 5% neompeie-
JIEHHOCTH MOJiesinpoBanust pparmentanuu crpyu. Kaxkjaas us amux cucrema-
TUYECKUX HEOIPe/IeJIEHHOCTeH OlleHNBAJIACh yTEM NPUOABJIECHUST U BbIYUTA-
HHUsI HEONPEIeJEHHOCTH JIJIsl KazKJ0T0 00beKTa B COOBITHHU (9JIEKTPOH, MIOOH,
CTPYH) HA OJIHO CTAHJAPTHOE OTKJIOHEHHE U IPOIYCKAHUS OGHOBIEHHBIX 00b-
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€KTOB M COOTBETCTBYIOIINX BECOB Uepe3 Ielb aHaan3a. HeompeaenéHHOCTD
B MHTErpa/bHOil cBerumocTu Gpasach pasuoit 6.5% [49]. HaGpauubie ¢o-
HOBBIE COOBITHS TOYKE MMEIOT HeOllpeeIEHHOCTH, 00YCJIOBIEHHbBIE Bapualli-
eil cedenus, MeHAIOMErocd or 8% y Iponeccos ¢ ABYOO30HHBIM POXKICHHEM
1o 15% png t-xkanaJgbHOro pokaeHus Ton-kpapka u 18% nua ¢t mporeccos.
HeomnpenenénnocTsb, cBI3aHHAS ¢ BO3MOXKHON OMMUOOYHON HaeHTHMUKAIIAECH
CTPpYHM KakK HMyInei or b-KkBapka, BKJIOYAET B ce0s HEOLPEIeJEHHOCTh, CBsI-
3aHHYIO ¢ MOJIEJMPOBAHUEM TAaKOW MJIeHTH(MUKAINN, a TaKKe Heolpe e eH-
HOCTH B OIIPeJleJICHUN apoOMaTOB KBAapPKOB, YPOBEHb KOTOPON OLICHUBACTCH B
25%. HeonpenenéHHOCTH, BOSHUKAIOIINE U3 b-TAITHHIA U IIOIPABKH K HEp-
TUU CTPYHU BBIIIE, KOT/Ia TpeOyeTcs HAJUYHe JBYX CTPYil, TOMEYeHHBIX KaK
uaymux or b-kBapka. B kadectsBe npumepa B Tab. 1.7 mpuBeieHbI HEOIIPEI€e-
,HéHHOCTI/I, BO3HUKAIOIIUE B 9JIEKTPOHHOM KaHaJl€ IIPpU Tpe6OBaHI/II/I Ha/JINn4Ynd
onHO# b-cTpyun. Tabaunbl ¢ HeONpeaeJEHHOCTIME /st APYTUX KaHAJIOB aHa-
JIn3a, a TakxKe OoJjiee MOJAPOOHOE OIMCAHUE IIPOIEAYPhl YIéTa CUCTeMaThude-
CKHX HeOIIpe/eJIEHHOCTeli TpuBeieHs B [7].

Heonpegenéunocru (%)
W’ CM, t-kanan  ttlj ttll wWbb Wi3 WW WZ  Mynbra-
cTpyHn

Hopwmuposka

CBeTumMoCTh - 6.5 6.5 6.5 - - 6.5 6.5 —
Ceuenne - 15.0 18.0 18.0 - - 2.2 8.9 —
Jons pacmaga - 2.0 2.0 2.0 - - 2.0 2.0 —
Marpu4HbIil MeTO — — — — 6.0 6.0 — — 30.7
OcHOBHasI BepIIUHA 1.6 1.6 1.6 1.6 - - 1.6 1.6 —
ID snexTpona 3.8 3.8 3.8 3.8 - - 3.8 3.8 —
®parMenTanus cTpyu 5.0 5.0 7.0 5.0 - - 5.0 5.0 —

Tabsmumna 1.7: HeonpenenéHnoCTn B 3/1eKTPOHHOM KaHaJ e, BHIPAKEHHbIE B TPOIEH-
Tax, mpu TpeDOBAHUYU HAJUYUS OFHON b-cTpymn.

1.4.5 TlIpenensnl cedyeHuii u orpannyenus Ha maccy W',

Hab.o1aembie jianabie coryiacyiorcs ¢ (POHOBBIMHU 1PEJICKA3BAHUAMU C YUé-
ToM Heotpeaenéuanocteit. CreoBaTe/ ibHO, MBI UMM BO3MOYKHOCTH yCTaHO-
BHATH BePXHHEC OrDaHUYCHH Ha cedenne poxkiaenus W', ncnoansya Baiiecos-
ckuit moaxo/[50]. Msr caeayem dbopmamusmy crarbu [40]. [Ipemesnsr Gplan
nosiyuenbl u3 yHKImU npasaononobus (,likelihood-dbyukmuu®), nponopiu-
OHAJBHOI BEPOSTHOCTH MOJYUHTDH YHCJI0 HAOTIOZaeMbIX HCX0H10B. OCHOBHOE
pacrpe/iesieHue, UCHOJIb3yeMOe Ha JIAHHOM STAlle aHAJM3a - PACIPE/IE/TICHUE
qacTul, GPUHAJIHLHOTO COCTOSIHUS TI0 HHBAPUAHTHON Macce.
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600 I'sB 650 B 700 I»B 750 I'sB 800 I'sB
CraTuCcTHYeCKUe HEOIPEeIeIéHHOCTH
OJIeKTPOHHBIN KaHAJ 24/19 25/19 28/1.9 3.3/23 4.2/29
MrooHHBII KaHAT 2.5/22 28/27 25/25 3.0/3.1 3.2/3.5
KomGumarms 15/1.2  1.6/1.3 1.6/1.2 1.9/1.5 2.1/1.9
Bce meonpenenénnoctn
DJIEKTPOHHLIA KaHaJ 2.8/2.5 2.8/24  3.0/2.2 3.6/2.7 4.4/3.3
MiooHHbI! KaHAT 2.9/2.8 32/35 28/3.0 33/36 3.4/41
KomGuramst 1.8/1.8 1.9/1.7 1.7/1.5 2.0/1.9 2.2/2.3

Tabanma 1.8: OxkujaeMble U U3MeEpEHHbLIE BepXHHE NpeJieibl CeYeHUs POKICHUs
W' (B mmkoGapHax), B3aUMOJEHCTBYIOIIEr0 TMOCPECTBOM JIEBBIX TOKOB, JIIS Pa3-
muanbix Mace W', na 95% yposue mocroseproctu. Ilpese/ibl MOCUUTAHBI C TTOMO-
MIbI0 (DYHKITHUHU IPABIOII0I00MS, OCHOBBIBAIOIIEHCA Ha pacupeaeaeHnn (puHAILHOTO
COCTOSTHWS 110 WHBAPWAHTHO Macce.

600 I'sB 650 IsB 700 I'sB 750 I'sB 800 I'sB
CraTuCTHIeCKHE HEOIIPeIeI6HHOCTH
DJIEKTPOHHLII KaHa 2.3/1.8 2.2/1.6 1.9/14 1.8/1.3 1.7/1.2
MIOOHHbII KamaT 22/18 20/1.7 16/1.6 16/15 1.3/14
Kombunamusa 1.4/1.0 1.3/0.9 1.0/0.8 1.0/0.7 0.8/0.7
Bce neompenenénnoctn
DJIeKTPOHHBIN KaHAJ 2.7/25 25/21  21/1.7  19/15 1.8/14
MI0OHHBIH KaHAJ 2.6/24  2.3/2.2 1.8/1.9 1.7/1.8 1.4/1.6
Kombumas 1.7/1.6 1.5/1.3 1.2/1.1 1.0/1.0 0.9/0.9

Tabauma 1.9: Oxumaemble 1 W3MepeHHBIE BEPXHUE TPEJEIbl CEUeHNs POKICHUS
W' (B nukobapHax), B3aMMOJIEHCTBYIONEro MOCPECTBOM MPABBIX TOKOB, It pa3-
mmaabx Mace W/, ma 95% yposne mocrosepHocTH. IIpeesibl HOCYATAHBI C IOMO-
610 PYHKITUHU TTPABIOIION00MST, OCHOBBIBAIOIIEHCs Ha, pacupeaeseHnn (puHAILHOTO
COCTOSTHUS 110 WHBAPUAHTHOM Macce.
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MbI CKOMOMHUPOBAIN KAHAJBI C OJTHOM b-cTPYEil, IByMs b-CTpysSIMH, & TaK-
JKe MIOOHHBIHN ¢ 3J1eKTpoHHBbIM. Tad. 1.8 u 1.9 noka3biBarOT OKHaemble U
U3MEPEHHBIE TIPeJIesIbl CeYeHnii PN pa3JndHbiX Maccax W/, Bzaumoneiicry-
IOIIEr0 MOCPEICTBOM JIEBBIX (IIPABBIX) TOKOB. DTH MPEJEIbl Ha CeYeHHs POK-
JIEHUS MOTYT OBITH CPABHEHBI ¢ TEOPETHIECKUMHU MOy IeHHBIME 3HAYCHUSIMH,
npuBeIEHHBIME paHee B Ta0. 1.3 u 1.4. Puc. 1.5 neMoHCTpupyeT mpeaebl u3
tab. 1.8 BMecTe ¢ cevenusimMu u3 Tad. 1.3 U COOTBETCTBYIOIIUE HEOLPEJIEJIEHHO-
cru. VInguBuyaibHble TOYKHA-TTPEIE/Ibl COeJMHEHbI MPAMbIMU JinHUsiMU. Ha
PUCYHKe TaKzKe NIpuBeaeH Bkiag or W'e kKoncrantamn ¢Basu ¢ pepMUOHA-
MH, SKBUBAaJEHTHBIMU 10 3HAYEHHUIO KOHCTAHTaM cBsi3u oobranoro W. Puc. 1.6
JIEMOHCTPHUPYET mpejiersl u3 1ad. 1.9 Bmecre ¢ cevenusivu 1ad. 1.4 (1 Heompe-
JejaénuocTsMu) it W B3anMoaeicTByI0mero mocpeicTBOM IIPABbIX TOKOB.
[Tokazaubl asa ciaydast - aasa W/, uMeromero Bo3sMOKHOCTh paciajgaThCs BO
Bee pepMuonsl, u gaa W, pacnagaomerocs NCKIYATEIHHO B KBAPKH.

BepxHuii (IITpUXOBAHHBI) DEIHOH HCKIIOYAETCsI STUM aHau30M Ha 95%
CL. CkpemuBanue CILIONIHON JMHUU C HUXKHUM KpaeM 00JIacTH Heolrpee-
JIBHHOCTEH I CUTHAJIA OLpee/isieT HuzKHue mpeaesbl jaiass My,
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Puc. 1.5: TIpenenst ceuennii B 3apucumoctn ot Macchl W na 95% yposne gocrosep-
Hoctu. W/ BzammMoseiicTByeT ¢ (hepMHOHAMH IOCPEICTBOM JIeBbIX TOKOB. Ha pucyn-
ke Takzke npusegeHo NLO-ceyenue it 6030Ha ¢ KOHCTAHTAMK CBA3U C (DEPMHUOHA-
MU, SKBUBAJIEHTHBIMY 110 3HAUEHUIO KOHCTAHTaM CBsa3u o0baHOro W. 3areMHuéHHast
061aCTh HAJL KPY?KKaMU COOTBETCTYET PErvMOHY, UCKJIIOYEHHOMY M3MEPEHUSIMU.

[Tonyuusinmecs B pe3ysbraTe aHaan3a npeesabl Ha maccy W' npuseaenbt
B T1ab. 1.10.
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Puc. 1.6: IIpenenst ceuennii B 3apucuMoctu oT Macchl W na 95% yposue qocrosep-
nocru. W' Bzaumopeiicrsyer ¢ bepMuoHaMU 110CPEACTBOM IIPaBbIX TOKOB. TakzxKe
npuseeno NLO-ceuenne niua W aia nsyx ciyuaes - W/, pacmagaromerocs B KBap-
Ku u jenronsl u W/, pacmnajaonerocs ToabKO B KBapKU. 3aTeMHEHHAs 00J/1aCThb
HaJI KPY’KKAMU COOTBETCTBYET PETMOHY, UCKJIIOUEHHOMY U3MEDPEHUIMU.

[Tapamerpsr csazu W/ Ornucanne Orpanunvenus
ag g =Lak, =0 Wi My > 610
aéﬂ]j = O,a(];‘;qj =1 W}'% s My < MVR(MW/ > M,,R) My > 630 ( 670 )

Tabsuma 1.10: Tlonmyunsmmecs B pe3yabraTe aHaIN3a HUKHAE TPEIETBl HA MACCy
W' nng pasmuunbix cunenapues 3anmoseiicteua W ¢ depvuonavu (cum. (1.1)).

1.4.6 Pe3yabTarThl MIEPBOTO MPOBEJAEHHOTO AHAJIN3A.

B ﬂaHHOf/‘I rJlaB€ ONMCaHBbI pEe3yJ/JIbTaThl U TEXHUYIECKHE JeTaJu IMepBOT'0 IKC-
HepUMEHTAJIBHOIO0 aHaau3a 1o noucky W' | yunrbiBaiomero umarepdepeH-
o, nposeaénroro secuoii 2006 r. ma gerekrope DO xosnaiinepa Tevatron
upu suepruu /s = 1.96 TsB. AnaiusupoBaiuch JaHHble, COOTBETCTBYIO-
e uHTerpajibHoil ceernmoctn B 230 161, cobpannbix DO-gerekTopom 3a
2002-2004 roapr paboTel yckopureas. PacemarpuBaiack moga pacnaga W' B
TAZKENbIe KBAPKU B s-KaHaJe. W’ OTKpHIT He ObLI, BaXKHBIMH pe3y/JIbTaTaMU
MOMCKA, SIBJIAIOTCS YCTAHOBJIEHHDbIE HUXKHEE Npeaesnbl Ha My s pasimd-
HBIX crieHapues B3aumojeiictsusg W'e depmuonavu. Huknsaa rpanuna g
maccel W/, BzaumoseiicrByomero ¢ ¢pepMuoHaMu MOCPEJICTBOM JIEBBIX TOKOB
(kak W) cocraBuia 610 I'sB, B 1o Bpems, kak mis W', B3anmoeicrBy-
IOIIEro TOCPEJICTBOM MPABhIX TOKOB, 3Ta rpaHuna cocrapuaa 630 5B (670
['5B) ays BeceBo3aMoxkHBIX pacnaioB W (Toapko KBapKoBbIX pacmagos W').
JlaHHBI KCIIepUMEHTATbHBIM aHAIN3 ObLT MEePBBIM, TPUHUMABIIAM B pac-
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4éT S-KaHaabHyI0 nnrepdepennuio W’ ¢ W-6030n0Mm Cranmapraoit Mogenu,
a orpanmvenust Ha maccy W’ - caMpIMu CTPOrMMH.
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1.5 JleTasim BTOpOro npoBeAE€HHOIO aHAJMN3a

1.5.1 OTb6op JaHHBIX U COOBLITUIL

Jlanuble n Kpurepuu oTbOpa, MUCHOJIb3yeMble B 3TOM aHaJn3e ObLIN aHaJIO-
THYHBIMHA T€M, YTO WCTOJH30BAJNCH TPH OTKPHITUN OJUHOTHOTO TOT-KBapKa
[3]. Ho ecThb aBa pasindns B KOHEYHOM 0TOOpE COOBITHIA. Mbl OCTABISAIN CO-
OBITHS C IBYMsI U TPeMs CTPYSIMH, B TO BpeMsI KaK B OTKPBITHH OJHHOTHOTO
TOI-KBapKa HMCIOJIb30BAJIUCH TAKyKe U YeThIPEXCTPyHHbIE coObITus. Takzke
orbupasnch codbitus ¢ /s > 400GeV . CpeTuMoCTh, OTHOCAMIAACA K STOMY
Habopy ganubrx mopsaka 900pb—t. Jannsie 66n 3ammcansl DO gerekTopom
B epuoi ¢ aBrycra 2002 r. nmo gekadbpb 2005 1. PeKOHCTPYKIUS JAHHBIX ObLIa
IpoBe/IeHa ¢ oMomIbio Bepcun pl7.09.03 nporpamvuoro obecrnedenus DO.

1.5.2 MogennpoBaHUE€ CUTHAJBHBIX M (DOHOBBIX COOBI-
TUN

MopenupoBatnne curHagbHBIX coObITHIT (¢ TTOMOIIBIO TerepaTopa CompHEP)
OBIJIO MPAKTUYECKU TIOJIHOCTHIO MACHTHIHBIM TTOJ00HOMY JIJIsI TIEPBOTO aHa-
mmu3a (eM. 1.3)- cammsl roroBuiuck gt Mace W’ B uarepsase ot 600 10 900
GeV ¢ marom B 50 GeV j1g pa3andHbIX clieHapues B3auMoseiictsua W e
depmuonavu, npegcraBiaeHabix B Tad. 1.1. CoorBercTByIONme BHIOPAHHBIM
maccam W' NLO-cevennst u mupunnl npusegennt B tad. 77 u 1.12. [Tapamer-
pbl TeHepalyuu W MPOrpaMMHbBIE MAaKeThl, UCIOIH30BABINNECS JIJIST CO3TaHUS
coOBITHI (hOHOBBIX MPONECCOB TaKhe YK€, KAK U B MPeJbIIyIIeM aHaiu3e (CM.
tab. 1.5 u gactp 1.4.2).

Iupuna pacmaga W |u6|

M, < Myy: M, > My
600 I'sB 19.7 14.6
650 I'>B 21.4 15.9
700 I'sB 23.1 17.2
750 I'>B 24.9 18.5
800 I'sB 26.6 19.8
850 I'sB 28.3 21.1
900 I'sB 30.0 22.4

Tabsmmma 1.11: TToanas mupuna pacuajga W B unTepBaje Macc, UCHOJIb3YEMbIX
IpU CO3JAHUE CUTHATBHBIX MK-cobpITHIT 11 BTOpOro aHaam3a 1mo moucky W'
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o (W;) x BRW' —tb) | o (W}) x BR(W' — tb)
Macca M, < My M, > My
(I'sB) (116) (116) (116)
600 T>B 2.17 (£11%) 2.10 (£11%) | 2.79 (£11%)
650 T>B 1.43 (£13%) 1.25 (£13%) | 1.65 (£12%)
700 T>B 1.01 (£13%) 0.74 (£13%) | 0.97 (£13%)
750 T5B 0.76 (£14%) 0.44 (£14%) | 0.57 (£14%)
800 I'>B 0.62 (£15%) 0.26 (+15%) | 0.34 (+£15%)
850 T>B 0.55 (+£16%) 0.16 (+£16%) | 0.20 (£16%)
900 I'>B 0.51 (£17%) 0.09 (£17%) | 0.12 (+18%)

Tabmmmna 1.12: Cnucox mabopos curHaabHBIX coObITHI 1 mosnbie NLO-cegenus
[POIECCOB POXKJIEHUS OJMHOYHOIO TON-KBapka Ha kostaiimepe Tevatron (y/s =
1960 T'sB) B npucyrcrBun MaccusHOTO BeKTOpHOTO 6030Ha W'. Heomnpenenénno-
cti (B cKOOKaxX) CBA3aHBI ¢ MacmTaboM (akTopuzanmu, (DyHKIHEH pacipe/e/IeHns
[IapPTOHOB U MAaCCOM TOII-KBapPKOB.

1.5.3 OO6miasg cTPpyYKTypa aHaJIN3a W Pe3yJIibTaTbhl 0TOOpa

O6beKT Hamero monmcka - cobpirust npomecca W' — tb — Wbb — ly;bb.
Pesonancupiii nuk na macce W's tb-pacnpenenenun Oyger CBUAETEIHCTBO-
BaTh O NPpUCYTCTBUU B KaHaJIe NCKOMOT JaCTHUIIBI. O,ZLH&KO MBI HE MOZKEM
IPSAMO U3MepATh NHBAPUAHTHYIO Maccy th. BMecTo 9TOro Mbl peKOHCTPYHDPY-
€M WHBAPUAHTHYIO MACCY JIBYX JIHJAUPYIONIUX CTPYil, 3apAKEHHOTO JIENITOHA
U HEWTPUHO, IyTeM CyMMHPOBAHHUS UX U3MEDPEHHbIX 4eTbIPEXBEeKTOpPOB. [lo-
TepdHHadA HEPrud MCIHOJIb3YeTCd dJId IMOJIYICHUA TY-KOMIIOHEHT HMMIIYJIbCa
HEHTPUHO, & Z-KOMIOHEHTA CYUTAETCS Yepe3 ypaBHEHHE C MMIIOJIb30BAHUEM
maccel W u BBIOOpa pellleHHsl ¢ MUHUMAJIbHBIM 3HAaYeHHeM |pY| u3 JIByX
BO3MOYKHBIX.

Ha puc. 1.7 10Ka3aHO PACIPEIeJIeHIe PEKOHCTPY MPOBAHHOIO V/§ 13t BYX
macc W' - 700 u 800 I'sB Bmecte ¢ ocnosabiMu dponamu. Ha pucynke BuaHo,
4T0 (POHOBBIE pacupejie/ieHns UMEIOT MUK HPU MaJIbIX WHBAPUAHTHBIX Mac-
cax (< 400 I'sB), B T0O BpeMsi KAK CHIHAJbHBIE TPOIECCHI UMEIOT 2 MUKA JIJIsT
W . lluk B magase numocTpupyer Bkiaag or W ciaenyomuii muk - Kak pas
naBapuanTHasg Macca W', OTHOCHTEIbHOE PA3HUIA BBICOT IIMKOB OOYCIOBIIH-
BAETCs PA3IMYHOCTBIO BKJIaA0B s-Kanaita CM u W] u 3aBucur or maccer W .
Ha dous CM masoxkeno obpesanne v/§ > 400 ['sB st Bbigesenus obiacTi
c W'

[Tocste mpoxoxKIeHnii COOBITUSAMI OCHOBHBIX KPHTEPHEB OTOOpA, MBI Ha-
KJIAIBIBAIN JOMOJHUTE/IHLHOE TpeOoBaHHe v/§ > 400 I'sB. B 146.1.13 BB MO-
JKeTe BHJIETh KOJIMYIECTBO COOBITHIT C 0/IHOI b-CcTpYEil, TpOoIIe/ InX KpUuTepun
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Puc. 1.7: Pacupenenenus pekorcTpyupoBauuoiit My, mpu JIByX 3HAYEHUSIX MaCChI
W' g curnanbabix 1 bOHOBBIX coObITHI. Bee pacipejiesienus HOpMUPOBaHbl Ha

1.

otGopa u tpeGosanme V§ > 400 T'5B. Bosee noapobuo mpouesypa orGopa
paccMoTpena B [8].

Puc. 1.8 mokaswiBaeT pacmpejesieHne peKOHCTPYUPOBAHHONW MHBAPUAHT-
HOI MACCBHI JIJI HAIMUX JTAHHBIX U /IS CATHATBHBIX COOBITU, CO3TAHHBIX TSI
My, paabix 600, 700 u 800 I'sB. Ha pucynke Takke npubejeHbl pacipe-
JleJIeHUsT JIJIsi OCHOBHBIX (pOHOB. MbI Takyke cpaBHUBAEM paclpee/eHus st
JTAHHBIX U (DOHOB JIJ1sI BOCBMU PA3JINIHBIX [0/ IHAO0POB COOBITUl, KOTOPBIE U
COCTABJISIOT KOHEUHBIIl Pe3YIbTAT: MABAXK/Ibl TISTUPOBAHHBIE U OJWMHOYHO T3-
TUPOBAHHbIE KAHAJILI AHAIN3a, MIOOHHBIH W J€KTPOHHBII KaHAT U HAOODBI
coObITHiT C JByMs M TpeMmsi cTpysmu. Bepxuue rpacduku na puc. 1.9 upu-
BeJICHbBI JIJIsi CPABHEHUS pacipejie/ieHuil MHBAPUAHTHON MaCChl JIJIst JTQHHBIX
¢ cyMMOit Bcex (DOHOBBIX MPOIECCOB B JIEKTPOHHOM U MIOOHHOM KaHAJaX B
OJIMHOYHO TATMPOBAHHBIX HaOopax. TakzKke mpuBemeHBl paclpeieeHus s
TPEX MaccoBbIX Touek curuasna W, . Pacupenenenus s HaOOpOB cOOBITHI
¢ JIByMs TITMPOBAHHBIMU CTPYSMHU MOKa3aHbl Ha puc. 1.10.
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Kou-Bo cobbiTuii, npomegmux orbop, V3 > 400 I'sB

DJIeKTPOHHBIN KaHAJ MiooHHBIN KaHAJ
2 cTpyn 3 cTpyu 2 cTpyu 3 cTpyu
Curranx: CM + messrit W/
W' (600 T'sB) 13.62 9.22 10.27 7.28
W' (650 T'sB) 7.79 5.41 5.90 4.22
W’ (700 TsB) 4.40 3.01 3.36 2.57
W’ (750 T'sB) 2.50 1.77 1.99 1.45
W’ (800 I'sB) 1.40 1.08 1.11 0.94
W' (850 I'sB) 0.86 0.79 0.67 0.62
W’ (900 T'sB) 0.58 0.50 0.46 0.44
Curnan: npaseiit W/
W’ (600 TsB) 13.94 8.74 12.04 8.48
W’ (650 I'sB) 8.39 5.19 6.90 4.91
W’ (700 T'sB) 4.62 3.02 3.95 2.92
W’ (750 T'sB) 2.84 1.69 2.31 1.64
W’ (800 I'sB) 1.53 0.94 1.36 0.95
W’ (850 TsB) 0.89 0.57 0.77 0.54
W’ (900 I'sB) 0.50 0.32 0.43 0.32
Doubl
CM s-kanaxn (roasko W) 0.66 0.75 0.64 0.69
CM t-kanag 1.31 1.92 0.99 1.56
tt—l+jets 2.25 4.01 1.80 3.17
tt—ll 2.19 17.07 1.37 12.63
Wbb 6.51 8.51 9.53 12.38
Wee 4.22 6.03 6.49 10.19
Wij 4.48 4.03 6.01 6.12
MuorocTpy#HbIe TPOIECCH 7.79 10.84 1.50 8.21
Cymmapusiit don (mus W) 28.75 52.41 27.69 54.26
Cymmapustit gon (s W) 29.41 53.16 28.33 54.95
JlanHubIe 27 57 25 49

Tabsmna 1.13: Cobbrtus ¢ oanoit b-cTpyéit, npomeanme OCHOBHbIE KPUTEPUU OT-
6opa u Tpebosanue v/3 > 400 I'sB.

3 3 .
Al CE R 0 I S =
o e W 700 va c 1 W’ 700 GeV
o 5 ~um W 800 GeV (=] 5] gk W’ 800 GeV
210 mtchannel | 10 $cherns
@ L it [} N
= : B Wejets = Wajetd
S 104 . B Multijets @ 104 Multijets
@ ' @

13 4]

] " I
107 g 107 : B
0 200 400 600 800 1000 0 200 400 600 800 1000
\5 [GeV] \§ [GeV]

Puc. 1.8: Pacnpenenenne pexkoncrpynposanuoii My nus nanabix; hoHOBBIX 1 (a)
W u (b) W, curnanbubix coGbiTuil. JJanuble, IpecTaBIeHHbIE 3/1€Ch, SBJISIOTCH
KOMOMHAIMeE BCeX BOCHME CIMILIOB (3J1EKTPOH, MIOOH, 2 u 3 crpywm, 1 u 2 T3ra).
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Puc. 1.9: Pacnpesenenne peKOHCTpyHpOBaHHOI MHBapHaHTHON Maccel W/ g

JAHHBIX, (DOHA W TPEX PABIMIHBIX CUTHAJIOB - [T

cobBITHil ¢ OJTHOl b-TorMpoBaHHOl cTpyéil. Pacmpenenenus BBepxy (BHUBY) s
cobbiTuit ¢ aymsi (Tpemsi) crpysivu. CobbiTust ¢ 91eKTpOHAMU (MIOOHAMM) MTOKa-

3aHBI CIeBa (CIpaBa) .
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Puc. 1.10: Pacnpesenenne peKOHCTPYHpPOBAHHON MHBApHAHTHON Maccel W/ g
JaHHbIX, POHA U TPEX PA3IMUHBIX CUTHAJIOB - JIIs TPEX MaccoBbix Touek W/ s
cobBITHil ¢ JaBYMsI D-TSTMpOBaHHBLIME CTpysiMu. Pacmpenenenus BBepxy (BHH3Y)
st cobbrTuit ¢ aByms (rpems) crpysimu. CoObiTust ¢ 3/eKTpoHamMu (MIOOHAMMY)

[OKA3aHbl CIeBa (CIpaBa) .
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1.5.4 CucremMaTuviecKne HEOIPeaeJEHHOCTHI

Cucremaruueckue HeOHpe,ZLeIIéHHOCTI/I OIICHUBAJIUCH JABYMA IIYTAMMU:

e HeomupejesiéHHocTr 11pu HOPMHUPOBKE.

OTa KaTeropus HEONPEIeIEHHOCTEH BKIIIOYAET B cebsi HEOIpe e IeHHO-
CTU MHTErpaJIbHOW CBETUMOCTH, TEOPETUYECKUX 3HAYECHUN CedyeHuil u
KaHAJIOB pacuazia, 3dekrupHocTn HAeHTUGUKAINNA 00bEKTa, TPUITe-
POB 1 MofieTupoBaHus dpparmeHTanuu cTpyii. B kauecrBe npumepa Ko-
JINYECTBEHHBIE 3HAYEHUS ITUX HEONPeIeTEHHOCTelH /T CUTHATBHBIX U
¢doHoBBIX HAOOPOB COOBITUI TOKa3aHbl B Tad. 1.14 jijis 3JIeKTPOHHOTO
KaHaJIa C OJIHOI D-cTPYEit u AByMST APDYTUMU CTPYSIMA.

Heornpeenénnocru, mensiomue (popMmy pacipe/ie/ieHuii.

OTa KaTeropus BKIYAET HEONPEAeJEHHOCTh B CHUMYJ/ISINAHA HICHTHU-
dukanun b-cTpyii, a TakyKe HEONPEAEJEHHOCTH MONPABKHA K SHEPTHH
ctpyu. HeompeeiéHHOCTH OTEHUBAIUACH Iy TEM ITOBBIIIICHUS W IOHUKe-
HU YPOBHS TSTOB M MOIPABKU K YHEPTHHU CTPYHU HA OJHO CTAHIAPTHOE
OTKJIOHEHIE W TIOBTOpEeHus Bcero aHanm3a. CpegHue 3HAUECHHUS TPHBe-

neHbl B Ta0.1.14.

CI/ICTeMaTI/I‘IeCKI/Ie HeOHpe,ILeJIéHHOCTI/I JJId OCTaJIbHBIX KaHAJIOB aHaJIHU3a 00-
Jiee oPOOHO npejcTaBieHsl B 8|
Heonpenenéurocru (%)
w’ tq tgb  ttlj tell  Wbb  Wee Wjj  Mynbrua-
CTpyHu

Hopwmuposka

CBeTuMOCTH 6.1 6.1 6.1 6.1 6.1 - - - —

Ceuenune - 16.0 15.0 18.0 18.0 - - - —

Jonsa pacmnana 1.0 1.0 1.0 1.0 1.0 - - - —

MaTrpuvnbiil MeTOI — — — — - 18.2 18.2 18.2 18.2

OcHOBHAsI BepIINHA 2.4 2.4 2.4 2.4 2.4 - - - —

ID sjmexTpona 5.5 5.5 5.5 5.5 5.5 - - - —

®parMeHTALNS CTPYH 5.0 5.0 5.0 7.0 5.0 - - - —

D crpym 1.5 1.5 15 15 15 - - - —

Tpurrep 3.0 3.0 3.0 3.0 3.0 - - - —

DopMBI pacHpejieseHuit

TTompaska K sHepruu ctpyu  3.5(2.1) 1.4 0.3 9.9 1.7 - - - —

3aBucsanme 0T apoMaTa

GyHKIUN UAeHTHDUKAIAR

b-crpyn 2.0(1.9) 2.1 5.9 4.6 2.4 4.4 6.3 7.4 —
Ta6JII/IHa 114 HeOHpe,D;e.HéHHOCTI/I B 3JICKTPOHHOM KaHaJI€, BbIpa2K€HHbIE€ B IIPO-
[eHTaX, Ipu TPeOOBAHUY HAJUYHUsT OJIHOM b-cTpyw u JByX Apyrux crpyii. Heonpee-
JérHOCTH, Baugiomme Ha dhopmy pacupenenenuii ¢ W’ skiodaror ducia gius W u

Wg(B ckobkax).
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1.5.5 Ilpenensbl ceuenmnii

MBI HCIOJIb3YeM Pacipeie/IeHne 10 HHBAPUAHTHON Macce v/ § 1t OTieseHnst
curnaja ot ¢dona. Habiromaemble JaHHbIe COTIACYIOTCS C TPEICKA3aHUSIMU
dona c yuérom Heonpeenénnocreit. Cre10BaTe/IbHO, MBI MOYKEM YCTAHOBHTD
BepXHHUE MpeJesbl Ha cedenune poxkiaenua W' s pasJndyHbIX ero Macc, Uc-
110J1b3yst pub/zKenne BaitecoBoil crarucruku u3 nakera top statistics |51|.
9710 npubINKEeHNne UCIOAb3yeT (DYHKIUIO MIPABIONOA00Us I BEIYUCICHUS
BEPpXHUX TIpEae/IOB CeYeHU CUTHAJbHBIX IponeccoB pPOXKJACHHA, YMHO2KEH-
HBIX HA KAHAJ paclajia, BbIPazKeHHbIH B JIOJSX MOJHOIO pacmaga: o(pp —
W' x B(W' — tb). JIna noiydenns STUX IOpeaeoB MBI CKOMOHHIPOBAJIH
KaHaJibl C OJJHUM TI3I'0OM C KaHaJIOM C JIBYMd TIl'aMU, MIOOHHbIN U JIEKTPOH-
HbIIl KaHAJI U COMILJIBI C JIBYMSI U TPEeMsI CTPYSMU, BCEI'O BOCEMb CIMILIOB. Mbl
pas3ziesnan pacupejesieHne mo MHBApUaHTHOM Macce, \/g, B obactu 400-1000
['sB na 30 To4ex /1 KazK/I0ro U3 BOCbMHU CIMILIOB. DTO UCIOIb30BaI0Ch KaK
BXO/IHBIE TIapaMeTphl i1 BYHKIUU ITpaBaonoaoousd. Takas mporeaypa yau-
TBIBAET HEONPEIETEHHOCTH, PACCMOTPEeHHBIE B ceKIun 1.5.4. MBI TakKe MOJI-
CUMTAIU OXKUJAEMbIe IPeIe/Ibl CedeHnil g Kaxk 10t maccol WWoira onenkn
qyBCTBUTEIBHOCTH aHaJm3a. Puc. 1.11 jgeMoHCTpUpyeT O:KujgaemMble U U3Me-
peHHbIe Hpejiesibl Ha cedenns s pasaundabix Mace W' nna W), ¢ yaérom
untepdepennun. Pa3ieibHO MOKa3aHbI MPEJIEIbl JIJId COMILIA C JIBYMSI CTPY-
SIMH ¥ CKOMOMHHUPOBAHHOTO cAOMILTA. [lomo0HBIE TTpeaesbl ToKa3aHbl Ha PHC.
1.12. TIpeseabt Ha puc. 1.12 rakzke nupumenumbl Jgist W), ecjiu He y4uTbiBaTh
unrepdepentuio co CM.

Habumomaemble mpejiesibl BMeCTe ¢ TeOPeTUYIECKHU IIPeCKA3aHHbBIMU IIPHU-
Beensl Ha puc. 1.13 u 1.14 nua W] u W, coorsercrBenno. Critonrnas JTuHAS
MOKA3bIBAET HADIOIAEMBIl TIpe/iesl 1 3aTeMHEHHAST 00J1aCTh UCKII0YAeTCs HA
95%C. L.. Huxxnwuii npegen My onpejensiercst nepecevdenneM CILIOIHOMN Jim-
Huu, ob0o3HAYAONIEH HAD/II01aeMblil TIpejies, ¢ MIYHKTHPHON JIMHUEeH JIjIsi HO-
MUHAJBLHOTO 3HAYEHHWS TEOPETHUYECKOro 3HadeHma cedenus. ma W/, pzan-
MOJIEIICTBYIOIIETO IIOCPEICTBOM JIEBBIX TOKOB, MACCOBBIH IIpejes T.0. COCTaB-
ager 731 I'9B, npu yuére unrepdepennuun co CM. MaccoBsiit mpeaen s
W', B3auMoeiicTBy I01Iero HOCpeACTBOM HpaBbiX TOKOB, coctapisier 739 ['9B
B cayuae M, < M(W'g) u 768 I'sB B cayuae M,, > M(W'g). Tlpeaeisi,
olnpejesdeMble lepecedyeHneM SKCIEePUMEHTANbHON KPUBOI ¢ KpUBOI 3aBu-
CUMOCTH ceueHnd poxkaenusd W' or ero mMaccol, npeacKasblBaeMOil TeopHei,
C COOTBETCTBYIOIIMMHU BapHalUAMHU IpeJcTaBieHbl Ha puc. 1.15. Oxkumae-
MBbIe mpeessl st W] m300pakeHsl BIOJIb HAOTIOAAEMBIX [PE/IEIOB HA PHC.
1.16. Tlokazanbl Takke HaDJIIOLAEMbIE IIPEJIE/Ibl U3 HPEIbIYIIEr0 aHAIN3a.
Puc. 1.17 nokaseiBaeT Kax npejaeabl Ha Maccy W/, Tak u npegesbl Ha Maccy
W] 6e3 yuéra unrepdepernun co CM. 3amerum, 9T0 pe3yJabTaThl HOBOTO
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aHaJIi3a 3HAYUTE/IbHO JIy4IlIe pe3y/JIbTaTOB IPEeAbIAYIIETO UCCIeJOBAHNI.

W’ (600 GeV) W' (650 GeV) W' (700 GeV) W' (750 GeV) W' (800 GeV) W' (850 GeV) W’ (900 GeV)
Exp. Obs. [Exp. Obs. |[Exp. Obs. |Exp. Obs. |Exp. Obs. [Exp. Obs. [Exp. Obs.

Statistical
Uncertainty Only

Two jets sample 0.68 0.62 |0.68 0.72 0.76 0.83 [0.91 1.01 122 144 |[1.77 210 (270 3.01
Combined sample |[{0.58 0.57 |0.58 0.64 ]0.62 071 |[0.74 085 [096 123 |1.34 165 |216 265

All Uncertainties

Two jets sample 0.79 0.76 0.76 0.80 0.82 0.87 0.98 1.10 1.31 1.49 1.90 2.18 2.88 3.16
Combined sample |{0.69 0.66 |0.65 0.69 ]0.69 074 |[0.80 0.93 |[1.04 123 |1.46 1.77 |235 279

Puc. 1.11: Oxugaevbie n uzmepennnie (ra 95% CL) BepxHue npemesbl cedenuii
poxkaennsa W', B3anMomeficTBYIONHMX MOCPEICTBOM JeBLIX TOKOB. CAMILT ¢ JAByMs
CTPYSMU BKJIIOYaeT B cebs 3JeKTPOHHbI 1 MIOOHHBIH COMILIBI, & TAKyKe CIMILIbI C
omEuM 1 AByMs Tramu. CMOMOMHIPOBAHHBI COMILI COIEPIKUT BCE BOCEMb COMILIOB
(3JTEKTPOHHBIN W MIOOHHBIH, OJIMH W JIBA T3TA, JIBE€ U TPU CTPYH). SHAUEHUS B ITH-
KoDapHaXx.

W’ (600 GeV) W' (650 GeV) W’ (700 GeV) W' (750 GeV) W' (800 GeV) W' (850 GeV) W' (900 GeV)
Exp. Obs. |Exp. Obs. |Exp. Obs. [Exp. Obs. |Exp. Obs. |Exp. Obs. |[Exp. Obs.

Statistical
Uncertainty Only

Two jets sample [[0.65 0.55 [0.59 0.54 [0.54 0.54 |0.48 0.51 |0.47 0.52 [0.49 0.55 [0.50 0.55
Combined sample || 0.56  0.47 [0.50 048 [0.45 0.47 0.40 044 0.38 0.43 0.39 0.45 0.39  0.44

All Uncertainties

Two jets sample [[0.79 0.69 [0.64 0.67 [0.60 0.62 |0.53 0.59 |0.51 0.57 [0.52 0.59 [0.55 0.63
Combined sample [| 0.67 0.58 |0.55 0.59 [0.50 054 (044 050 ]0.42 047 [042 048 (040 0.44

Puc. 1.12: Oxupaevbie u usmepennnie (na 95% CL) BepxHue npegesbl cedenuii
poxgenus W', B3anMoeiicTBYIOIINX NOCPEJICTBOM MpaBbix TOKOB. CaMIUL ¢ AByMs
CTPYSMH BKJIIOYAET B CeOS 3JEKTPOHHBI M MIOOHHBINH COMILIBI, & TAKZKe CIMILIBI C
ofHuM u AByMs Taramu. CMOMOMHUPOBAHHBIH COMILI COAEPIKUT BCE BOCEMb CIMILIOB
(3JIEKTPOHHBIN ¥ MIOOHHBIH, OIUH U J[BA TITA, JBE U TPU CTPYHU ). ITU TUC/IA TIPHME-
HUMBI TakzKe u st W), ecan He yuanrbiBarh narepdepennunio u M, < M(W'g).
SHaueHnsa B MUKODAPHAX.

1.5.6 Konucranrsl cesazu W' ¢ ¢pepmmonamu

@opmysy 1.1 MoxKHO TIepenucaTh B cieayoleit popme:

1

L=
2v/2

Efyu (gRe"“’cosCVRfifj(l + 75) + gLSinCVLfifj<1 + 75))W’fj + H.c.
(1.2)
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DO 0.9f6' | —®— 95% C.L.limit
3- () ---m--- Expected limit
—y— SM+W’ NLO (Mv <M,) °

G (PP — W’) x B(W’ = tb) [pb]

with W/W’ interference

000 700 800 900
W’ mass [GeV]

Puc. 1.13: TIpenennt na ceuenns W’ na 95% C. L. kak dyHnxiun ero maccol. Ha
PUCYHKe IIpe/ICTaBIeH0 TaKxKe Teoperndeckoe sHadenne NLO-cegenne qia W' B3a-
NMOIEMCTBYIOIIETO TTOCPEICTBOM JIEBBIX TOKOB, B 3aBUCHUMOCTH OT MacCChl; MHTEP-
depenrnius co CM BKJIIOUEHA B 3aBUCUMOCTD. 3aTeMHEHHAs 00/1aCTh MCKJIIOYaeTCs
JaHHBIM aHaJIU30M.

1 D@ 0.9 fb' —8— 95% C.L. limit
4 ---m--- Expected limit
3] A (b) —— W NLO (M >M,,)
—i— W' NLO (M <M,)

 (pp — W’)x B(W’ > 1b) [pb]
N

no W/W’ interference

0500 700 800 900
W’ mass [GeV]

Puc. 1.14: TIpenensr na ceuenna W’ ma 95% C. L. kax dbynkmmun ero maccel. Ha
PHCYHKe ITpeJICTaB/IeHo TakKe Teoperndeckoe 3nadenue NLO-ceuenne ais W', B3a-
AMOTEHCTBYIOIEr0 TIOCPEICTBOM MIPABBIX TOKOB, B 3aBUCUMOCTHU OT MACCHI JIJIST JIBYX
cayaaes: My, < M(W'g) u M,,, > M(W'g).M,,, < M(W'g) Uarepdepennun co
CM met. 3areMuéHHAsE 00/IaCTh HUCKJIIOUAETCS JAHHBIM AHAIA30OM.
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Onom Omin Tmax

with SM interference

MWL) > 731 GeV 718 GeV 745 GeV
without SM interference

My, < My: M(W") > 739 GeV 725 GeV 753 GeV
M, > My M(W') > 768 GeV 750 GeV 784 GeV

Puc. 1.15: Hwkane npegensr mace W’ na 95%C. L. i HOMAHATBHOTO (Cpom ),
HOMUHAJIBHOTO — 10 (Opin) U HOMUHATBHOTO +10 (Opaq) TEOPETHIECKUX 3HAUECHUIT
ceyeHmdd.

2 —s— Expected Limit
2 3 —e— Observed Limit
T —+— Phys. Lett B. 641, 2006
s
m
X
S 2
3
=3
2
©
1_
0

-t r 11T
600 700 800 900
W’ Mass [GeV]

Puc. 1.16: Oxunaemsle u Habmogaemble npeens! st W) kak GyHKIHs ero Mac-

col, ¢ yuérom murepdepenrmorroro dbdexra. [IpuBenennr Takke nHabd/I0gaeMbIE
[IpeJIesTbl U3 TIPEIBIIYIIEr0 aHATIN3a
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—=— Expected Limit

] —&— Observed Limit

—— Phys. Lett B. 641, 2006

o (PP — W’)x B(W’ — ib) [pb]

| ——

—T - - - - 1 - T T T T T
600 700 800 900
W’ Mass [GeV]

Puc. 1.17: Oxunaemeble u HAOIIOMA€MEIE IPEIETBL JIJI Wl’% Kak (PYHKIUS €ro Mac-
col. Unrepdepentiua we Brouena B pacuér. [IpuBemennr Takyke HaAO/IIOZAEMBIE
[IpeJIe/Ibl U3 TMPEIbIIYIIEro aHAII3a

rae C - yroa cmemusanus asyx cocroguuit W/, w - CP-napymaromas ¢a3sa,
KOTOPYIO MOYKHO BKJIIOUNTH B V¥ 1 gr U g7, - MeBas n npaBas KaaubpoBod-
Hble KOHCTAHTHI ([IApAMEeTPhI CBSI3U) COOTBETCTBEHHO. TaK KaK JIMAUPYIONTHi
s-KaHaJ ibHbI nponecc umeer ape ¢W'q BepumHbl, MOJHOE CEUYEHHE LHPOLEC-
ca pp — W' — tb nponopunonanabHo ¢!, rie ¢’ 3aBHCHT OT HCIOAB3yeMOit
MOJIEJIN W eCTh JInOO ggr, MO0 gr,. B Momesx ¢ KOHCTaHTaAMM, 961U 3HAYEHUS
ornmanbl o1 3Havenuit CM (¢’ # g¢,) pacupejesienne peKOHCTPYHPOBAHHON
maccesl W/ MozKeT GBITh MACHTHIHO CAydal ¢ = ¢,, HO ¢ HOPMAJU3YIOMIEei
monpaBKoii, skBrBaTenTHON ¢ /g,*. Clle0BATEIBHO, ISl YCTAHOBKH OTDa-
HUYEHUIT Ha BeMYuMHy napamerpon css3u W’ ¢ depmMuoHaMu Mbl JOIZKHDI
MMOJCYNUTATh KOPEHDb I‘IeTBépTOI'-/i CTelneHn U3 OTHOIIEHUdA IKCIIEpHUMEHTAJIbHO
UCKJII09EHHOr0 cevennd W' K HOMMHAJIBLHOMY T€OPETHUCCKOMY 3HAYEHHIO Ce-
vennsa ¢ CM 3HaveHmssMH KOHCTAHT cBaA3u. Puc. 1.18 meMoHCTpupyer Ha-
OJII0aeMBLIl IIpeiea Ha OTHONIeHHEe KOHCTAHT. MBI MCKII0YaeM KOHCTAHTEI
co 3nadenusimu, Bbiie 0.68(0.72) miaa W’ ¢ maccoit, pasroit 600 ['sB st
caygast M,, > M(W'g) (M,, < M(W'g)). Hamu pe3yabraTel cCpaBHUMBEL C
pesyabrarom anaansa CDF cxomuoro pasmepa manubix [52].
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D@ 0.9 fb'
(c)

g’/g,,
g

1—.........u...u....u..u..n e siEEsrEEsEEEsEEEEREEERREEmE

— W (M >M,)
0.57 —— WM, <My)
= gtandard model

no W/W’ interference

0_ T T T T
600 700 800 900
W’ mass [GeV]

Puc. 1.18: Hab6ioaembie Ipeje/ibl Ha OTHOLIEHHE KOHCTAHT CBsA3U, ¢ /g..
Touku, obo3HaAYEHHBIE KPDACHBIMU TPEYTOJTbHUKAME COOTBETCTBYIOT CJIYYAIO
M,, < M(W'g), cuune - cayaaio M,, > M(W'g). Uarepdepentusa co CM
He Oepércs B paccMoTpenune. 3aTeMHEHHAsT 00/1aCTh MOKA3bIBAET 00,1aCTh 3HA-
YeHU KOHCTAHT, UCKJIYEHHYIO JAHHBIM aHAJIM30M.

1.5.7 Pe3yabTaThl BTOPOTO NPOBEAEHHOTO aHAJIN3A

B ,ZLaHHOfI TJilaB€ OIIMCAaHbIl PE3YyJIbTaThl U TEXHUYECKUE JC€TaJ I BTOPOI'O IKCIIEe-
PUMEHTAILHOrO aHaan3a 1o noucky W' | yumreiBaiomero narepdepenmo,
npoBeaénaoro secuoit 2007 r. Ha gerekTope DO kosnaiinepa Tevatron npu
sgeprun /s = 1.96 TeV. Anamusuposanocs 900 pb~! nanubIX, cOOpamHLIX
D@-nerexkropoMm 3a 2002-2005 roasl paboThl yecKOpuTead. PaccMarpuBaiach
moza pacnaga W’ B rsokénbie kBapku B s-kanajae. W' orkpbIT He ObLI, BazK-
HBIMU pPe3yJibTaTaMU IMOUCKa ABJIAIOTCA YCTaHOBJJIEHHBIE HU2KHUE ITPEIC/Ibl Ha
My g pasandublX crneHapues p3aumMmopeiicrsua W'e depyvmonavn. Huzk-
Hsls TpaHuIa g Macckl W/, B3auMoeiicTByomero ¢ ¢hbepMUOHAME HOCPE]I-
cTBOM JieBBIX TOKOB (Kak W) cocraBuia 731 GeV, B 10 Bpems, kak jas W/,
B3aMMO/IEHICTBYIONIErO MOCPEICTBOM IPABBIX TOKOB, 9T I'PAHUIA COCTABUJIA
739 GeV (768 GeV) st BceBO3MOKHBIX pactagoB W' (ToIbKO KBAPKOBBIX
pacmnagos W'). JlaHHblil aHAIM3 yaydIIaeT pe3yJbTaThl, MOJIYUIeHHbIE Iep-
BBIM aHau30M (ceknus 1.4) u mostydeHHbie Tpeesbl Ha Maccsl W sBistror-
¢ Ha JIAHHBIH MOMEHT CaMBIMH CTPOTUMH B KaHAJe POXKIECHUS OJHHOTHOIO
TOIlI-KBapKa, €CJI1 IIPUHATbh BO BHUMaHUE TO, 4YTO B JaHHOM aHaJIU3€, KaK U B
[IEPBOM, YUUTBIBAJIOCH JECTPYKTUBHOE BusiHue unrepdepeniuu. B nonosne-
HUE K TTePBOMY aHAIN3Y OBLIO MPOBEIEHO IKCIEPUMEHTATHHOE UCCIe0BAHNE
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sHavenuii napamerpos ca3u W’ ¢ depvmmonamu. Mbl HCKIIOUNIN 3HAYCHUS
koHcranT Bbiie 0.68(0.72) s W’ ¢ maccoit, pasuoii 600 I'9B st coryuas
W' | MoryIero pacnagarhbcsi TOJLKO B KBAPKU (B JIENTOHBI W KBAPKH ).

1.6 OcHOBHBIE PE3YyJIbTATHI I'JIABBI

B jlannoit rjiaBe npuBejieHbl JIBA MOCJIEI0BATEIbHBIX aHAJIM3a IKCIEPUMEH-
TaabHbIX JaHuabix gerekropa D@Okommaiinepa TEVATRON, mocBaménnbix
MIOUCKY JIOTIOJIHUTETHHOTO 3apsAzKeHHOro MaccuBHOTO Oo3onHa W', BO3HHKa-
IOIEro B TeJIOM psje Teopwuii 3a mpefenamu Crangaptaoit Momemu. Oco-
00e BHUMAaHHE NPHU MOJEJTUPOBAHUE CHUTHAJBHBIX ITPOIECCIB OBLIO YIETeHO
KOpPeKTHOMY yuéry uHTepdepennunonnoro diena mexjy W' u W-603010M
Cranmapraoit Mogenan, dero He Jea/0Ch paHee TPH MOJEJTMPOBAHUU Ta-
KUX MporeccoB. OCHOBHBIMU OPUTHHAJbHBIMU pe3yJibTaTaMH IIE€PBOr0 aHa-
JIN3a SBJIAI0OTCSA orpanudeHus Ha Maccy W’ B mporieccax poxKJIeHUs OJIUHOY-
HOTO TOI-KBapKa /I Pa3JTHIHbIX clieHapueB B3aumojeiictBuga W’ ¢ pepmu-
OHaMH - Jijisg Macchl W’ B3auMo/ieiicTBYIOIEro ¢ (pepMruoOHaMU OCPEICTBOM
JIEBBIX TOKOB HUKHSISI T'PaHuIla moJyudmsiach pasuoit 610 [9B; aas maccw
W', B3anmoseiicTBytomero ¢ (dhepMunoHaMu OCPEACTBOM TPABBHIX TOKOB HHU K-
Hes Tpanuna coctaBuia 630 I'sB B mpeanonoxkenun o pacnage W’ B KBapKu
u jentonbl u 670 I'SB B mpemanooxkenun o pacrnage W’ ToJIbKO B KBapKH.
Bropoit ana/iu3 cujibHee orpaHuyuni 00/1aCTh BO3MOXKHbBIX 3HadYeHuit macc W’
U, JIONOJIHUTEILHO, TOCTaBU/I OrpaHUYeHnsT Ha rnapamMeTpbl c¢Bsi3u W ¢ dep-
muonamu. Hoseiimime orpanuvenust Ha Macchl W', TOJIyYeHHBIE TIPH yUéTe
unrepdepentun W’ ¢ W-6030on0M CrangapTHoit Mojenn cieayrornie: HiuK-
Hesg TpaHuiia Ha Maccy W’, B3auMomeiicTBYIOIero ¢ (bepMHOHAMHU MOCPEeI-
CTBOM JieBbIX TOKOB cocrapjsier 731 ['sB, macca W’; B3aumojeiicTByrolie-
ro ¢ pepMHOHAMU TIOCPEJ/ICTBOM IPABLIX TOKOB, JOJI2KHA OBbITH OO0JibIe 739
['B B npeanoioxkenun o pacnajge W’ B kBapku u Jjentousl u 768 ['9B B
npejnosiozkenuun o pacmage W’ Toabko B KBapku. OrpaHndeHns Ha Maccy
W’, B3auMo1efiCTBYIOIIETo MOCPEICTBOM JIEBBIX TOKOB, YIUTHIBAIOIIE BJIHSI-
Hue nHTepdEepPeHInn, IBAII0TCA Hanboaee CTPOTUMI HAa CEeTOIHANIHUI JTeHb
B KaHaJie POXKJEHUs OJIMHOYHOIO TOl-KBapka. /lanHas gacTb jucceprainuu
Gasupyercst Ha paborax [5] - [8].
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I'1aBa 2

Ilouck anomaJjibHBIX
Wtb-napamerpoB B npoleccax
PO2KJIEHUS OJIJMHOYHOTO
TOI-KBapKa

2.1 IlocranoBka 3ajiaun. AHOMAaJIbHAas CTPYK-
Typa Wtb BepmmHbI: JJarpaHkKuaH, IIapa-
MeTPbI CBA3U, KWHEMATHKA,

Kak ussectno, Crangapraas Mogens (CM) npeckassiBaer (V' — A) cTpyk-
TYPY 3apsiZKEHHBIX TOKOB, TOCPEJICTBOM KOTOPBIX OCYIIECTBIISIETCS B3AMMO-
JeficTBre TOI-KBapKa ¢ JII0ObIM U3 KBapKOB Apyroro tuna (¢ = d, s, b):

g .-
Faw = =5 Vipa) Preu(pr) (2.1)

Brecs |Vy| - omun u3 ssmementoB Kabnu66o-Kobasimu-MackaBo Marpuist
u P, = (1 —75)/2 - JeBblii TPOEKITMOHHBIIT OIepaTop.

B mopenu xe nezaBucumoro sdpdexrusuoro CP-coxpangroliero jarpaH-
JKHAHA HU3IIEHl pa3MepHOCTH, TPUBEJAEHHOTO B (2.1) nMerorcs deTsipe hopm-
dakropa, garpomux Braag B Wib Bepiuny:

9 - g ;10"q
L=——"—0(LyPL,+ Ry Pg)tW, — —=b
ﬁW(VL VR) P V2 My

(LrPL+ RrPg)tW,
+h.c.(2.2)
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B srom BBIpazkenun lef, = D,WE — D,,W/jt, D, = 6, —ieA,, o' =
i/2[Y ] n Por = (1 £75)/2; ¢ - 4-nunyase W-6o3ona. ocrosunbte
Lyr =V - va,T u Ryr = Vi - fr,, ABIAIOTCS TTapaMeTpaMu, Olpejiesiio-
IIIIMHI BeJTMIHHY aHOMAJIbHBIX Wth cBa3eil, oTBeYarOMuUMH IBYM BEKTOPHBIM
(71eBOMY ¥ IPABOMY) ¥ JIBYM T€H30PHBIM (JIEBOMY U paBoOMY ) omeparopam. B
CM c eé 1eBoB3aNMO/IEHCTBYIOMUMHI (hepMUOHAMHE TOJIHKO JIEBBIH BEKTOPHbIi
napaMeTrp OTJIUYEH OT HyJis U paBeH Vi, OCTajibHbIE YK€ PaBHbI HYJIIO.

B [3] DOneknapupoBaia 0 HaGJIIOJEHUN MTPOIECCOB POXKICHUSI OJNHOY-
HBIX TON-KBapKoB. Mbl 3kx3aMenyem 900pb~! mamHBIX, COOPAHHBIX JETEKTO-
poMm 3a nepuoj ¢ asrycta 2002 mo mekabpb 2005 rr. HAa TpeaMeT HAJTUYUSI B
Wth -BepiinHe onepaTopoB, OTJIHIHBIX OT mpejacKaszbiBaeMbix CM - mpaBoro
BEKTOPHOI'O U JIEBOI'O U IIPAaBOI'O TEH30PHbIX. MbI mnpe/inoJiaraemM, 410 OAMHOY-
HBIN TOII-KBAapPK POXKIAECTCA HUCKJIIOYUTE/JIbHO IOCPEACTBOM BSaHMO,ZLefICTBHH
¢ W. Emé ognum HAIUM JIONYIIEHUEM SIBJISETCS TO, YTO MBI TPEIoIaraeM
mastoctb napamerpoB KKM-marpuust |Vis| u |Vi4| mo cpasuennto ¢ |Vy|. D10
IpeJIIoJIOKE e BIIOJIHE Pa3syMHO, T.K. Kosutaboparuun DOu C DF usmepsin
(187], |88]) orHomenue

|Vis)?

R = .
[Vial? + [Vis|* + [Vi|?

(2.3)

Hanpumep, DO-pesynbrar ayiga storo orHomenns Takos: |Vigl? + |Vis|> =

(—0.03701%)|Vie|?. Hy u, makomen, MbI mpemosaraem, ato Wtb-pepimmna co-
xpansger C' P-4éTHOCTb.

Ha MoMmeHT mpoBejieHHs aHAM3a yKe CYIIECTBOBAIN OIDAHUYEHUs] HA
HEKOTOPBIE TTapAMETPHI, OTMPEIEISIIONINe BeJIMINHY aHOMATbHBIX B3aWMO/Ieii-
cruii. Hanpumep, Ha KOHCTAHTY Ry UMeIoCh ciejiyoniee orpanndenue (Bbl-
TeKalee u3 u3MepeHust Mojibl pacnaga b — sy [83]): |Ry| < 0.04 [84]. IIpu
HU3KHUX 9HEPIrUsiX BKJIAJbl OT TEH30PHBIX OLEPATOPOB MOJIABJIEHBI YJIEHOM
g/ My, HO 3TOT BKJIaJl MOYKET CTATh 3HAYUTEILHBIM IIPU GOJIBINTUX IHEPTH-
sax. Crpykrypa WibBepmuubl TakzKe n3ydaaach MpU aHAIN3€e CIAPATLHOCTH
W-6030Ha B mpolieccax ¢ MapHBIM POZXKIEHHeM TOI-KBapkoB [85], [86].

B 1aHHOII r1aBe ONMHUCHLIBAETCS IKCIEPUMEHTATbHBIA AHAIN3 JTAHHBIX, CO-
OTBETCTBYIONINX HHTErpa/ibHol cerumoct B 900 161, cobpanHbIX 1eTeKTo-
pom DO 3a nepuoz ¢ aBrycra 2002 no gekabpnb 2005 rr., Ha IpeAMeT HAIUIUA
B Wtb-Bepinte onepaTopoB, OTJIMYHBIX OT TpeickasbiBaeMbix CM - mpaBoro
BEKTOPHOI'O W TE€H30PHBIX - JIEBOTO U MPABOIo. B pesyibrare aHaIm3a MOJIY-
YeHbl KCIEpUMEeHTAIbHbIe OTPAHUYEeHUsT Ha aHOMAaJbHBIEe Wb -mmapamerpbl
Bepruuabl Wth | onpejensioniue BKIA IPABOTO BEKTOPHOTO, a TaKzKe (BIep-
BbI€) JIEBOI'O ¥ IIPABOIO TEH30DHBIX ONEPATOPOB B CEYCHUE DOXKJIEHUS OJIH-
HOYHOTO TOMN-KBapKa € y46TOM WHTEPMEPEHINN aMILIUTY/I, TPOUCXOIAIIX

41



13 Pa3HBIX YacTeil JarpamKuana. YCTaHOBICHBI CJIeLYIONNe BepXHHe Tpeie-
JIbl Ha KBaJAPaTbl IPABOI'O BEKTOPHOI'O, a TaKzKe JIEBOT'O U ITPAaBOI'O TEH30PHbIX
napamerpos: |fr, |* < 2.5, | fr,|> < 0.5 u |fr,|* < 0.3 coorsercrBenno s
m3MepeHnbx snadennit [V, - fr, |2 = 1.877%5, 14708 u 1.4703.

Jauubiii paszjen auccepranun 6asupyercs Ha padorax [14]-[15].

2.2 Jleraau aHaAJIN3a

2.2.1 MogenupoBanue curHajia u goHa, oTdop coobITIi

DTOT aHAJIN3 PACCMATPUBAJ JaHHEIe, COOTBeTCTRYIomue crarnctuke 0.9 G6 1,
cobpannsie DO-nerekropom 3a nepuoj ¢ aprycra 2002 mo gexabps 2005 rr.,
¢ HaOOPOM TPHUITEPOB, TPEOYIONNX HATUYUNE CTPYU U JEKTPOHA WK MIOOHA.
Habopwbl curnasibubix coObiTuii Ob1jin co3/1aubl ¢ nomoiibio MK-reneparopa
COMPHEP-SINGLETOP [38|, yaursiBatomero NLO-nonpasku. Macca rorm-
KBapka OpaJjack paBuoit 175 ['sB n ¢dpyukmn pacrnpeaesienust TapToHOB ObI-
s BiOpanel coorBercrByomumu CTEQG6L1 [89]; npurorosientbie cobbITHS
g3aTeM mpornyckaanch depe3 naker PYTHIA [114]. Mb co3manu narb Ha-
OOpPOB CUI'HAJIBHBIX COOBITHII. 3HAYEHHUs] HAPAMETPOB AHOMAJIbHBIX CBsI3eil
npuBesenbl B 1ab. 2.1. Mb1 paccmarpuBaem Tpu crieHapusi I Hapamer-
poB anomasbubIX cBs3eit : (Ly, Ry), (Ly,Rr) u (Ly,Lr). B nepsom cie-
HApPUU Mbl IIPEJCTaB/IdeM CHTHAJ KaK CYIEePIO3UINI0 HAOOPOB coObITHil 1 1
2, B3BEIICHHBIX ¢ TOMOIIBI0 (bakTopos |f1,|? u |fr,|?. [lo anamorun Bropoii
CIeHAPHUil UCIOIb3yeT HaOOpbI coObiTHil 1 u 4, B3BemeHHbIE ¢ (haKTOpaAMH
|fo,|? 1 | fr,|>. Tperuit cienapuit 60/1ee CJI0MKEH O CPABHEHHUIO € TIPEJIBLILY-
IUMU W3-33 WHTEPGEPEHINN MeK Iy ABYyMsl aMILIUTyaMu. B aToMm ciydae
MBI OepéM CyIepHo3uIuio HabopoB 1o/1 HoMepamu 1, 3 U 5 ¢ COOTBETCTBYIO-
muMa BecoBbIMH (bakTopamu. Habop 1 B3BemmBaeTcs ¢ moMOIIbI0 (DAKTOPOB
(11 12) = (f1 | #|f2,]), ma60p 3 daxropasis (| fr, ) (| fry || fr|) 1 maGop
5 - daxropavu (| fr, | *|fr,|). B Takom caydae nosydusniniicss B pesysbrare
HabOp COOBITUI MPABUILHO OTPazKaeT BKJaJl UHTEP(EPEHIUN OT YJIEHOB C
LV n LT.

Ocnosuble BPOHBI 114 CUTHAJIBHOIO IpoIecca cocTaBadioT W+, tt 1 coObI-
Tus ¢ MEHOrEMH cTpyaMu. CobniTug g ponos WcTpyn u ¢t GbLIN CO3TAHEL
¢ HOMOIIBIO TeHeparopa ALPGEN [91], uCiosb3yomero ajaropury cMenmBa-
HUs CTPYH, MO3BOJIAONIMI n30ekarTh UX JABOUHOrO yuéra. PoHbI ¢ MapHBIM
poxaenremM W — 6030HOB U Z + TPSIMO BKJIIOYEHBI B HAITY (DOHOBYIO MOJIEJb,
B TO BpeMs Kak W + OblIm HOpMUPOBAHBI Ha JJAHHbBIE.

MonTe-Kapo cobuitua a1 (BOHOBOTO Iponecca tt, NCHOIb30BABIINECS
el Jiisk OTKPbITHS OJMHOYHOIO TOI-KBApKa |3|, Obliu co3/1aHbI B LIPE 11010~
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Habop cobwituit | Ly Ry Lp Rp
1 1 0 0 0
2 0 1 0 0
3 0 0 1 0
4 0 0 0 1
5 1 0 1 0

Tabmuna 2.1: IlapameTpsl, ucnoab3ytonmecs npu co3gaanu MK-cobbiTnii.

xernn 0 CM-crpykrype Bepruast tbW u, ciretoaresnno, coxpansitornem CP
B3aMMOJelcTBIH ¢ napamerpamu fr, = fr, = fr, = 0. B ciydae anomasn-
HOTO TapamMerpa fr,, KMHEMATHKa IPONECCOB f 0CTaeTCst TaKOH e, Kak 1 B
ciaydae CM; TOIBKO cedeHre POXKJIEHUs OJUHOYHOIO TOI-KBAPKA M3MEHSeT-
¢ HA HEKOTOPYIO Besmmuanny. OHAKO, eC/ii TPUCYTCTBYIOT JIPYTHe aHOMAIb-
Hble TTapaMeTphbl, KHHEMATHKA TaKUX MPOIECCOB M3MEHSIeTCsl CYIEeCTBEHHO.
Ho naubospiiuit BK/1a/] B HAIIE U3MEPEHUs JAI0T COOBITHS C JIBYMS CTPYSIMU,
e BKJIaJ OT COOBbITHI ¢ t¢ HamuOro Menbiie (okomo 25 %) mo cpaBHEeHHIO C
ocTalTbHBIMA (hOHAMHU U, TAK KAK HACTOSIIHN AHATN3 CTATHCTHIECKH OTPAHI-
4eH, U3MeHeHMe HeolpeIe/IéHHOCTH B Habope tt coObITuil jake Ha BeJUUYUHY
nopanka 50% He CMIBLHO TOBJINAeT HA KOHEYHbIe Pe3yabTaThl. Vecxonsa us Bee-
IO BBIIIECKA3AHHOIO, Mbl IPUHAIH PENICHHe HCIOIb30BaTh HAOOP ¢t COOBITHI
¢ mapamerpamu CM 11 HaIIero aHoMaabHOTO AHAIH3A.

Kak 00bIYHO, MBI HCCTEyeM KOHETHOe COCTOsSTHUE, comepzkaiiee W-6030H
u b-kBapk (HPOJAYKTHI paciaja Ton-KBapka), upuiém W-6030H paccMarpu-
BaeTCs PACHaIAIONINMCS 10 JIEMTOHHOMY KaHaJy. Mbl Hak/a/IpiBaeM Ha CO-
ObITUs TPeOOBAaHUE IIPUCYTCTBHSA B HUX OJHOTO U30JUPOBAHHOIO MIOOHA HJIH
9JIEKTPOHA; JBYX, TPEX WJIU YeThIPEX cTpyit u norepaunoit Fp. Jletaau or-
6opa coOBITHII MOXKHO TTOYepIHYTH B [15].

B 1ab. 2.2 cBejenbl cedeHus, J0M OJHOTO Paciiajia, HadaibHbIE KOJIH-
qecTBa COOBITHIT U UHTErpaJibHble cBeTuMocTH HabopoB Monte-KapJsio coObi-
tuit. CucTeMaTnvIecKe Heonpe 1€ TIEHHOCTH OBLIN OTIEHEHBI C UCTI0JIH30BaAHUEM

ombiTa [118, 94].

2.2.2 AknenrtaHchl 1 HaOpaHHBbIE COOBITHSA
CHFHaﬂbeIfI aKIEeNMTaHC OIpeae/IdeTCd KaK:

B Nselected
A= N E Etrigger; EparticleID; ETRF;
initial
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Habopsr MK-cobbrruii

Ceduenus Hons pacrrama  KonmdectBo  UHT. cBET-Th.
Tun cobbrTmit [pb] cOOBITHI [fb~1
Curnau Ly
tb — e+crpyn 0.88+0.14 0.1111 £+ 0.0022 92,620 947
tb — p+crpymn 0.88+0.14 0.1111 £ 0.0022 122,346 1,251
tb — T+crpym 0.88+0.14 0.1111 £+ 0.0022 76,433 782
tqb — e+crpyn || 1.98 £ 0.30 0.1111 + 0.0022 130,068 591
tgb — p+crpym || 1.98+0.30 0.1111 4+ 0.0022 137,824 626
tqb — T+crpyn || 1.98+£0.30 0.1111 + 0.0022 117,079 532
Curnau L
tb — e+crpyn 8.87+1.42 0.1111 £ 0.0022 35,006 36
tb — p+crpyn 8.87+1.42 0.1111 4+ 0.0022 29,129 29
tb — T+4crpyn 8.87+1.42 0.1111 £+ 0.0022 7,953 8
tgb — e+crpym | 1.49+0.22 0.1111 4+ 0.0022 23,317 140
tqb — p+crpyn || 1.49+0.22 0.1111 + 0.0022 23,342 139
tqb — T+crpyn || 1.49£0.22 0.1111 +£ 0.0022 22,840 139
Curnan Ly + Ly
tb — e+crpyn 5.58 £0.89 0.1111 4+ 0.0022 31990 52
tb — p+crpynm 5.58 £0.89 0.1111 £ 0.0022 29,901 48
tb — T+crpyn 5.58 +0.89 0.1111 £ 0.0022 8093 13
tqb — e+crpyn || 4.67£0.75 0.1111 + 0.0022 23,309 45
tqb — p+crpyn || 4.67+£0.75 0.1111 + 0.0022 44814 86
tqb — T+crpyn || 4.67£0.75 0.1111 +£ 0.0022 23809 46
Curnan Ry
th — e+crpyu 0.87£0.14 0.1111 £ 0.0022 29,507 304
tb — p+crpyn 0.87+£0.14 0.1111 £+ 0.0022 29,901 308
tb — T+4crpyn 0.87+£0.14 0.1111 £ 0.0022 7,602 161
tqb — e+crpyn || 1.86 £0.30 0.1111 + 0.0022 23,863 115
tqb — p+crpyn || 1.86 £0.30 0.1111 + 0.0022 23,789 115
tqb — T+crpyn || 1.86 £0.30 0.1111 + 0.0022 23,756 115
Curnan Rrp
tb — e+crpymn 8.87+1.42 0.1111 £ 0.0022 20,142 20
tb — p+crpyn 8.87+1.42 0.1111 £ 0.0022 35,798 36
tb — T+crpyn 8.87+1.42 0.1111 £ 0.0022 8,915 9
tqb — e+crpyn || 1.51+£0.24 0.1111 + 0.0022 22,850 136
tgb — p+crpym || 1.51+0.24 0.1111 4+ 0.0022 22,870 136
tqb — T+crpyn || 1.51+£0.24 0.1111 + 0.0022 21,845 114
DonbI
tt — (+cTpym 6.8+1.2 0.4444 + 0.0089 474,405 157
tt— 00 6.8+1.2 0.1111+0.0089 468,126 620
Wbb — (vbb 142 0.3333 £+ 0.0066 1,335,146 28
Wee — Lvee 583 0.3333 + 0.0066 1,522,767 8
Wij— Lvjj 18,734 0.3333 £0.0066 8,201,446 1

Tabauna 2.2: Cedenusi, BEPOSITHOCTU PACHAJiA, HAYAJIBHBIE KOJIUYECTBA CO-
ObiTuil U uHTEerpaJbubie ceeTuMoct MK-coObiTumii.
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rie B - 1071 TOJHOTO pacnajia Kaxkaoro nabopa MK-cobbituii (M. Tab. 2.2),
Ninitial HAUAJIBHOE KOIHYIeCTBO cOObITHIT B KazxkgoM MK-Habope (rakzxe npu-
BeneHo B Tab. 2.2), Ngelected - KomdaecTBO MK-cOOBITHIT, OcTaBmmMXCS TTOCTE
orbopa u € cyTh PaKTOPLI KOPPEKIIUK, BBOJIUMBIE /I YIETa PA3IUIHil MeK-
ny nanapiMa 1 MK-coObiTusammn.

B Ta6. 2.3 mokazaH HpOIEHTHBI yPOBEHb CUIHAJTBHBIX COOBITHUil, OCTaB-
HIUXCS 110C/Ie 0TOOpa U MOC/Ie TPOXOXKJEHUS POTE/LyPbl b-TIrupOBaHUS.

CurnayiLHnIe AKIIETITAHChI

DMK TPOHHBIH KaHAJ MirooHHBIH KaHAT

CurnaJist Opgua b-ctpyss /e b-crpyn | Omma b-ctpys  JlBe b-cTtpyn
LH Bekrop (LV)

thry 1.32+015% 047+0.08% | 1.10£0.16 % 0.40+0.08 %

tgbryv 1.114£0.13% 0.09+0.02% | 0.87+£0.14 % 0.07£0.01 %
LH Tenzop(LT)

thrT 1.23+013% 048+0.08% | 1.07+0.15% 0.45+0.09 %

tqbrr 1.08+0.13% 0.10£0.02% | 0.89+£0.15% 0.09+0.02 %
LV + LT

thrvirr 1244013 % 048+0.08% | 1.11+0.16 % 0.47+0.09 %

tgbrv 4T 1.03+£0.12% 0.09+£0.02% | 0.86+0.13 % 0.08+0.02 %
RH Bexkrop (RV)

tbry 1.304+0.15% 045+0.08% | 1.13+0.17 % 0.42+0.08 %

tgbry 1.14+014 % 0.09+£0.02% | 0.94+£0.15% 0.08 £0.02 %
RH Tenzop(RT)

tbrr 1.52+0.16% 0.60+£0.10% | 1.27+021 % 0.53+0.11 %

tgbrr 1.07+£0.13% 0.10+£0.02% | 0.92+0.15% 0.09£0.02 %

Tabsumna 2.3: CurmajgbHbIe aKIENTAHCH 1 HEOPEIeAEHHOCTH IIOC/Ie IIPOXOK JCHUS
pOIIEeLyPbl b-TarupoBaHusi.

Tab. 2.4 pmemoHCTpHUpPYyeT KOJIWYECTBAa HAOPAHHBIX CHUTHAJIBLHBIX U (POHO-
BBIX COOBITHIl JI/Isi BCeX KaHAJIOB, Pa3/eJEéHHBIX IO THILY JIENITOHA KOJIHYe-
CTBY CTpYil, MOMEYEHHBIX KaK MAYIIAX OT b-KBapKoB. B mociemxHeil KomoHke
HPUBEJIEHbI CyMMapHbI€ KOJIMYeCTBA COOPAHHBIX COOBITUI; HEOLPeIe/ IEHHO-
CTH MPUBEJEHBI B NpHIOKeHnn K [15].

2.2.3 JlepeBo pelieHnii: 00y4deHNE U Pe3yJIbTAThI

MbI ucnosib3yem MeTo/1 jiepeBa peleHuii Jijisi pa3/ie/ieHusi CurHaabHbiX 1 (o-
HOBBIX coObITH. Vcnosib30Banune MeToj1a jgepeBa perieHnii u mpoieypa Tpe-
HUPOBKH omucana B [95].
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KonugecTBo HAOpAHHBIX COOBITHIT TIOCIE D-TITMPOBAHI

OJIEKTPOHHBII KaHaJ MrooHHBIH KaHAT Cymma
Onana b-crpys  se b-crpyu | Oxpna b-crpysi  Be b-ctpym et+u +
1+2 b-crpynu
2,3,4 ctpyn
CurnaJiet
LH Bekrop (LV)
thry 10.5+2.1 3.7+£0.7 8.0+18 3.0+£0.7 25+5
tgbry 19.2+3.7 1.6 £0.3 15.0+3.4 1.3+0.3 37+8
(tb + tgb) v 29.7+£538 53+£1.0 23.0+5.2 4.34+1.0 62+ 13
LH Tenzop (LT)
thrr 99.8 £ 20.0 38.8 £8.9 82.6 £19.0 34.9 £8.7 256 £ 57
tgbrr 14.8+2.9 1.3+0.3 11.7+2.7 1.14+0.3 29+6
(tb+ tqb) o 114.6 £ 22.9 40.1£9.2 94.3 £21.7 36.0+9.0 285 + 63
LV + LT
thryv T 62.9 £ 12.0 24.7+5.6 53.9+£11.5 22.7+£5.7 164.2 + 34.8
tgbrv 4T 43.8 £8.3 3.7+£0.8 35.1+£7.6 3.11+£0.8 85.7£17.5
(tb+tgb)Lvrr 106.7 £ 20.3 28.3+64 89.0 £19.1 25.8 £6.5 249.9 £52.3
(RH Bexkrop)
thry 10.3+2.1 3.6+0.8 85+2.0 3.2+0.8 26+6
tgbry 19.2+3.8 1.5+04 15.2+3.5 1.3+0.3 37+£8
(tb + tgb) ry 29.5+59 51+1.2 23.7£7.1 45+1.1 63 £ 14
(RH Tensop)
tbrr 122.9 £ 24.6 48.2+11.1 97.6 £ 224 41.0 £10.3 310 £ 68
tgbrr 14.8+3.0 1.3+.3 12.1+2.8 1.24+0.3 2946
(tb + tqb) rr 137.7£27.5 495+ 11.4 109.7 £ 25.2 42.2 £10.6 339 £ 75
Donnt
tt—ll 34.1+£7.2 11.8 £ 2.7 26.3 £ 6.5 9.8 £2.6 82+ 19
tt—l+jets 115.8 +24.3 37.1+£9.0 83.8 £20.1 292+ 7.7 266 £ 61
Wbb 183.7 £ 37.7 24.8+5.6 182.0 £ 55.5 25.9£8.1 416 + 107
Wee 118.6 £ 24.9 3.1+0.7 133.9+£41.5 36+1.1 259 £ 68
Wi 86.3 £18.5 0.2+£0.1 86.9 £ 27.8 0.3+£0.1 174 + 47
Multijets 132.1+27.0 84+1.2 57.2+18.35 38+1.7 202 + 48
Cymma ¢GoHOB 670.6 £139.0 85.3+£19.3 | 570.1+169.8 72.6+21.3 | 1,399 £ 349
Data 661 + 26 89+9 566 + 24 82+9 1,398 + 37

Tabmuna 2.4: Komnaectso HabpaHHBIX COOBITHIT TTOCTIE b-T3TrNPOBAHUS.
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Mpb1 TpeHWpOBaIN JAepeBbd pPeIieHnil Ha OHOW TpeTn JAocTymHbIX MK-
COOBITHIT U 1OJIyYaJ/IM aKIEHNTAHChI, UCHOJIb3Ys OCTAJIbHbIE.

JLis KazK10ro U3 TPEX CIeHApUeB JiBa CUTHaJIa OpaJiuch /s TPEHUPOBKU:
i Ly — Ry Takumu IByMs CHTHAJIaMA OBLTH IPOIECCHI POYKIEHUS OTMHOY-
HOTO TON-KBapKa (tb + tqb) ¢ aHOMATBHBIM JIEBBIM BEKTOPHBIM MAPAMETPOM
U AHOMAJIBHBIM MPABBLIM BEKTOPHBIM TapameTrpoM, s Ly — Rp Takue aBa
curnana ecrb (th + tgh) ¢ aHOMAJIBHBIM JIEBBIM BEKTOPHBIM HAPAMETPOM U
AHOMAJIbHBIM MPAaBbIM TEH30PHBIM TapamMerpoMm, s Ly — Ly 3tu jiBa cur-
Hajia ecth (th + tgb) ¢ aHOMAJILHBIM JIEBBIM BEKTOPHBIM TIAPAMETPOM U aHO-
MaJIbHBIM IIPABBIM TE€H30PHBIM HapamMeTpoM. B KaxKmoMm u3 ciydaeB cymMa
9TUX JBYX CHTHAJIOB HCIOJIH30BAJACH IS TPEHUPOBKYU OT/I€T€HUS CHTHATb-
HbIX COObITUIT OT (POHOBBIX, HPUYEM (DOHOBBIE HPOIECCHl PACCMATPUBAJIUCH B
coBokytHocTu. @onosbie mporecch BKJOYau 3jech MK-cobbitus st npo-
neccos tt — (+crpym, tt — (l-+-crpyn m W-+crpyn, mpmaém npomeccst Wbb,
Wee m W4nérkne mapToHBI pacCMaTPUBAJINACH MO pasAenabHOCTH. Kazkmas
donOBast KOMIOHEeHTa OpaJsiach IS TPEHUPOBKH B COOTBETCTBHH C €€ TPO-
HOPIMOHAJILHBIM BKJIQJIOM B 00IILYIO (DOHOBYIO MOJIEJIb.

Ecrb JBa 0TyInans B HACTOSIIEM aHAJIN3E 110 CPABHEHHIO ¢ aHAm30M [96].
Bo-niepBbix, HAOOPHI, HCIOJIb3yeMble JIJIS TPEHUPOBKHU, HE Pa3Je/sIUCh T10
MHOTOYHUCJIEHHOCTH CTPYil U, BO-BTOPBIX, MBI T00aBUJIN IEPEMEHHYIO Pr JIEll-
TOHA K CHUCKY DPa3JedIoNiuX CUTHAJIbHBIE U (DOHOBBIE MPOIECCH MepeMeH-
HBIX. BEIOOD B MOJIB3Y MEPBOTO OTJINYUS OBLT CJIETAH B CUIY CTATUCTUIECKOM
orparmdernnoctu co3ganubix MK-cobwituit st anomanbuoit Wib-epuinnbi.

Pemenne B 110/ib3y BKJIIOYEHUS TTEPEMEHHOI pr JIeNTOHA B YHUCJIO TEpe-
MEHHBIX /)Tl TPEHUPOBKHU OBLIIO MPUHATO M3-3a TOTO, YTO pPACIpe/ieeHue IO
TaKoil mepeMeHHOl, KaK BUIHO U3 puc. 2.1, OTInvIaeTcs /I pa3JIuIHbIX aHO-
MaJIbHBIX mapaMeTpoB Ly, Ry, Ly u Rp. Octanbubie 49 mepeMeHHBIX ObI-
JIM B3SITBl IPOCTO MOTOMY, 9TO B |96] oHE cebst 3apeKOMEH/I0BAIN KaK XOPO-
10 pa3/Inyalonue MPOINECcChl, MOI0OHBIE MPONECcaM POKJICHUS OJUHOYHBIX
TOIN-KBApKOB. Takue mepeMeHHble OTParKaloT OCOOEHHOCTH KHUHEMATUKU OT-
JIeJTbHBIX OOBHEKTOB, KHHEMATHKH TEJI0T0 COOBITHS W YTJIOBBIX KODEJISIiA.
[TostHBIil CIUCOK MEpEeMEeHHBIX NPUBEIEH B MPUIOKeHnH K [15].

Habopbl cobbiTuil jie/in/iuch 10 apoMary JIeTOHA U KOJUYECTBY CTPYIi,
MOMEYEHHBIX KaK WAymux or b-kBapka. Vcmosb3oBanme HabOpOB ¢ n30,1u-
POBAHHBIMU JIEKTPOHAMU UJIM MIOOHAMU, 2-4 CTPYSIMH W OJIHON WMJIM JIBYMSI
b-CTpysIME TIPUBEJH HAC K YeTHIPEM PA3THIHBIM JepeBbiaM (2 apoMara Jiel-
ToHAa X 2 b-cTpyH).

JlepeBbs pelenus JAIOT HA CBOEM BbIXOJle paciipe/le/leHus 3HaueHui, xa-
PaKTEPU3YIOIIUX BEPOSITHOCTH OTAEJAbHOTO COOBITHS ObITH (DOHOBBIM MJIU CHUT-
HabHbIM: 0 cooTBeTCTBYET (poHOBOMY, 1- curnajibnomy cobsituio. Ha puc. 2.2
IPUBE/IEHBI BBIXOJHBIE PACIIPe/ieIeHus 71 JAHHBIX U CUTHAJIBHBIX U (POHO-
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Puc. 2.1: Pacupenenenne 1mo momepednoMy HMITYJIbCY 3apszKEHHOTO JenToHa P,
Oy YeHHOe JI/IsT JAHHBIX, OJKHATIAeMOe pacIpeaeeHne A COOBITUI ¢ IeKTPOCIa-
ObIM pokaenureMm Ton-kKBapka B CM st coObITHIT ¢ ABYyMSI CTPysiMA U OIHO# b-
CTPYEi U pacrupeeaeHus s COOBITHI C 3JIEKTPOCIAOBIM POXKIACHIEM TOM-KBAPKa
C AaHOMAJIBHBIMK KOHCTAHTAaMU (OCTaJIbHbIE JIBE KOHCTAHTHI, KPOME MTPUBEIEHHBIX HA
pucyHke, paBabl (), HODMUPOBAHHbBIE HA JIECATUKPATHOE CEUCHUE POYKJICHUS OJIU-
HOYHOrO Tom-KBapka B CM.

BBIX MPOTECCOB IJIsT HAOOPa JTAHHBIX, COOTBETCTBYIONIUX JTEKTPOHY, JBYM
CTPYSIM U OJIHO¥ b-CTpye B KOHEYHOM COCTOSIHUU JIJIsl KazKJ/IOI'O U3 paccMar-
pUBaeMbIX TPEX CIIEHAPUEB.
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Puc. 2.2: Beixoguble pacrupejenenns Jepesa Pemenuii s JaHHbIX 1 CyMMbI CHI-
HaJbHBIX U (HOHOBBIX mporeccoB CM st Habopa JaHHBIX COOTBETCTBYOIINX JIEK-
TPOHY, JIBYM CTPYSM U OJIHO# b-cTpye B KOoHeuHOM cocrosiauu, nysi(a) (Ly,Lg) cue-
napus, (b) (L1,R1) cuenapus u (c) (L1,Re) cuenapus. [Ipusegensr Takxke pacnpe-
JIeJIEHUS JIJIsi CUTHAJIBHBIX MPOIECCOB ¢ OJMHOYHBIM TOT-KBAPKOM C Pa3JIUIHBIMU
AHOMATLHBIMY KOHCTAHTAMM, HOPMUPOBAHHBIE HA MATHKPATHOE CEYEHNE POKICHUS
oaMHOYHOrO0 Ton-KBapka B CM.

JL1s cpaBHEHMST BBIXOJHBIX PACIPE/IC/ICHUI JePEeBbEB PelleHuil, Moy YeH-
HBIX W3 JAHHBIX, ¢ OKUJIAHUEM CeYeHWs POXKIAEHWS OJWHOTHOTO TOIM-KBapKa
ncnosb3oBatack BaitecoBekas craructuka 75| u mocTpoeHHast I BCeX JIBe-
HA/IATH HAOOPOB JAHHBIX (HAGOPOB, OTJIHYAIOIINXCS [0 APOMATY JIENTOHA,
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KOJIMUeCTBY CTPYyit (2, 3, 4) B KOHEUHOM COCTOSIHUHM U KOJUYECTBY b-CTpYii)
dyuKIuMs npaponognodus. /st J00bIX ABYX aHOMAJIBHBIX TapaMeTPOB, pac-
CMATPUBAEMBIX HEHYJIEBBIMH, Mbl CIUTAJIN OZKWIAEMOE BBIXOIHOE PaCIIpe/ie-
JleHue My TéM KOMOMHIPOBAHNUS PpacIIpeieIeHnil 13 IBYX CUTHAJIBHBIX HADOPOB
MK-cobpITHil B COOTBETCTBHH C HAIUCAHHBIM B pasaese 2.2.1. [lixsa nabdrona-
eMBbIX cOOBITHl mpe/motaraauch [lyacconoBckoe pacrpeienenne U IIOCKast
HEOTPUIATE/IbHASL @ PrioTi BEPOATHOCTH JIjIsl CEYEHUs CUTHAJIBHOTO MPOIEC-
ca. /IBymepHas mocrepuopHast IJI0OTHOCTh BEPOSTHOCTH ObLIa MOCYUTAHA KAK
bynxmms | fL|2 u | fx|?, rae fx mobas w3 ApyTEX TPEX aHOMaabHBIX Wb -
mapaMeTpoB, B KazK/IOM HAOOpe JTaHHBIX. DTHU IJIOTHOCTH BEPOSITHOCTHU IIPe/I-
cTaBJieHbI Ha puc. 2.3.

2
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Puc. 2.3: JIsymepHast mJI0THOCTH BEPOATHOCTH /I AHOMATBHBIX KOHCTAHT. Jle-
BbI€ DUCYHKU AEMOHCTPUPYIOT O2KUJaHUE JIJIs1 JIEBHIX BEKTOPHBIX KOHCTAHT, IIDABbIC
- HabJIIO[aeMyI0 TIOCTEPUOPHYIO BEPOSTHOCTD, MOJIYYEHHYIO U3 JaHHBIX. BepxHss
kosonka (a, b) coorsercreyer (L1,L2) cnenapuio, cpeausig xkomonka (¢, d) coor-
sercrByer (L,R;) crienaputo, auxussa (e, f) - crenapuio (L1,R2).

[Ipenenbuble 3Hadenns anoMaabHbIX W ib -mapaMeTpoB MOACUNTHIBAIUCD
caexyomuM 006pa3oM. JIByMepHBIe IIOTHOCTH BEPOSATHOCTH POENHUPOBAICH
Ha JaBe OcH. JIOKATbHBIE MAKCHUMYM ITPOEKIHUH ILIOTHOCTH BEPOITHOCTU H
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Cuenapuii | Ceuenne Koncranra

(L1, L) | 44533 pb | [f{[> = 14503

|fE1? < 0.5 at 95% CL
(L1, Ri) | 52538 pb | [f{[P = 18713

IfE? < 2.5 at 95% CL
(L1, Ry) | 45553 pb | |f{[> = 14553

|fE12 < 0.3 at 95% CL

Tabsuma 2.5: Ismepennble 3HaYeHUS CEIEHUS POXKIEHUS OJMHOYHOTO TOM-KBAapKa
U OJTHOMEpHBIE TpejiesibHble 3HadeHust Wtb KOHCTAHT JiJist TPEX CIIEHAPUEB.

€CTh U3MEpEeHHOe 3HaYeHHe CedeHUsl U, COOTBETCTBEHHO, TpeIebHOe 3Hade-
Hue anomasibHoro Witb -mapamerpa. Eciim npoeknust He nMeer JIOKaJIbHOIO
MaKCHMyMa, TO 3HAYEHUsl CedeHusi u aHomasibubix Wth -mapamerpos mosry-
4AIOTCS MyTEM YCTAHOBKH BEPXHEro npejenbnoro 3uadenusa na 95% C.L.

Bo Bcex Tpéx crenapusx m3MepeHHbIE 3HAYEHHS IIPABOr'0 BEKTOPHOIO,
a TaKKe JIeBOI'O M IIPABOr'0 TE€H30PHOTO aHOMAaJIbHBIX W th -mapameTrpoB mo-
JIVIMJTHCH PABHBIMH HYJI0. MBI MOJACUYUTAIN BepXHUE TpeeabHble 3SHAUEHUS
9TUX aHOMaJIbHBIX napamerpos Ha 95% C.L. nyTém uck/a0ueHus myTéM uH-
TerpupoOBaHMs JIEBOIO BEKTOPHOT'O MapamMeTpa JIjIsl MOJydYeHusi OJHOMEPHOI
[IOCTEPUOPHOIT IJIOTHOCTH BEPOATHOCTH. VI3MepeHHble 3HAUeHH AaHOMAJIBHBIX
Wtb -mapameTpoB 1pejicTaBiaeHbl B Ta0. 3.5

Mpb1 yOeauanch, 9TO JaHHBIE YIOBIETBOPSIOT HPEACKA3aHUIM THIOTE3BI
0 JIEBOM BEKTOPDHOM XapaKTepe B3auMOJeHCTBHsI (yOBIETBOPSIOT MPEJICKA-
sannsgM CM), a He runore3am o IPABOM BEKTOPHOM U T€H30PHOM XapaKTepe
Wtb -BepmunbI.

2.3 OcuHoBHBIE PE3YJbTATHI TJIABHI

B 5700t raBe onucan aHaJans3 KCIEPUMEHTAIBHBIX JAHHBIX, cOOpanubix DO -
nmerekropom kosutaiinepa TEVATRON, coorBercrBytonux craructuke B 900
$6~1, mocBamennwIil Hecae 0BaRTIO GoTee 0bIIel CTPYKTYPH BepImuael Wib.
B momenun nesaBucumoro adgdexktunoro CP-coxpansionero jarpaHkKnaHa
HU3IIEel pa3sMepHOCTH MMeTCs deThipe (opmdakTopa, alomux BKJAL B
Wtb BepriuHy, OHU COOTBETCTBYIOT JIEBOMY W IIPABOMY BEKTOPHBIM U TE€H-
30pPHBIM aHOMAJIBHBIM IapameTpaM cBsa3u. llpu nposejenun anamsa ObBLIO
peIeHo UCIOJIb30BaTh TPHU CIIEHAPUSA - OJIHOBPEMEHHO CTABUJIMCH OIPAHU-
YeHHsl Ha JBa TMapamerpa (OJMH U3 KOTOPHIX BO BCEX CIEHADHAX OTBEYA-
eT JIEBOMY BEKTOPHOMY OLEPATODY ), & OCTAJbHbIE ITADAMETDBI IPUHUMAJIIChH
PaBHbIMU HYJIIO. Pe3YJIbTaTaMI/I JAHHOI'O aHaJIN3a ABUJIMCH IIE€PBbIEe IIPAMBbIC
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SKCTIEPUMEHTATHLHBIE OTPAHMYCHAS HA BKJIAJBI OT AHOMATHHBIX OMEPATOPOB
B Bepuiuny Wtb- KBajipaThl IPaBOro BEKTOPHOI'O, & TAKZKe JIEBOI'O U IPABOIO
TeH30pHBIX Tapamerpos: |fr, | < 2.5, |fr.|*> < 0.5 u |fr,|* < 0.3 coorser-
CTBEHHO JITf H3MepeHHbIX 3nadennit |V, - fr, |2 = 1.8719, 14708 u 1.410%.
PesynbraTsl 9T0i IaBbl IpeacTaBieHsl B paborax [14]-[15].
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I'maBa 3

Ilouck 3apsizKkeHHOro
XHUI'CCOBCKOTO CKaJisipa B
s-KaHaJIbLHOM IIPoIlecce POXKJICHUs
OJJMUHOYHOI'O TOII-KBapKa

3.1 DBBenenne

Kaxk ussecrno, B CM cymecTByeT e uHCTBeHHAs CKAJISIPHAS YaCTUNA - Heii-
TpajbHbIl XUrCcCOBCKUit 6030H, ¢ HEOOXOIMMOCTHIO BO3SHUKAIOIIAs BCJIEICTBHE
XUTTCOBCKOTO MeXaHU3Ma CIIOHTAHHOTO HAPYIIEHUS 3JIEKTPOCJIab0N cuMMeT-
pun SU(2). OgHako B paCIIupeHHbIX MOJIEIAX CIIOHTAHHOTO HAPYIIEHHST CHM-
MeTpHHU, HATIpIMeED, B Mojiesax ¢ aeymst SU (2)-ay6aeramu (two-Higgs-doublet
models, 2H DM s), MOKeT BO3HHKATH HECKOJIBKO XHI'CCOBCKHX OO30HOB pas3-
JIMGHOI MACChI, B T.9. U 3apsizkeHHbIX. COOTBETCTBEHHO, YKIEPUMEHTAIHHOE
obHapy KeHNe 3apsizKeHHBIX XHUT'CCOBCKUX O030HOB Oy/IeT CBUIETEIHCTBOBATH
o ¢dusuke, e onuceiaemoit CM.

Pazimanbie Tunbl Mosesieii ¢ AByMsa XUTCCOBCKUMHE JIyOJIeTaMU Pa3/inda-
I0TCS IO TOMY, KAKOB MEXaHU3M 0/IaB/IeHUs HeHTPATbHBIX TOKOB, MEHSIOIITIX
apomar kBapkos (FCNC), B Hux npejycmorpen. B mMosesisx meporo runa
B3anmojieiicTByeT ¢ bepMuOHAMHU TOJBKO OJIMH W3 3TUX JABYX ay0seroB. B
MOJIeJISIX BTOPOIro THIIa OJuH JAybJieT B3auMojeiicTByeT ¢ (pepMHOHAMHU BepX-
Hero (up—) THUNa, a BTOPOH - ¢ (pepMUOHAME HUZKHETrO THUIIA; TAKON MOJXOJ
peamu3yercss B MUHAMAJIbHBIX CylepcuMMeTpruHbiX pacmuperusx CM [97].
B mojesisax Tperbero tuna oda jiydsera B3auMoeiicTByIoT ¢ (pepMuonaMu u
FCONC nopasasitorcst apyrumu Merojamu. Hampumep, B OgHON Takoit Mo-
nmenn FCNC' nomaBiieHBI M3-33 MaJbIX MAacC KBapKOB IEPBOIO M BTOPOTO
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Puc. 3.1: Uckmouénnbie ob1actu, Kak GyHKIMA Macchl 0030Ha Xurrca u tan 3, mo-
ayqennbie u3 LEP u Tevatron (83sito u3 [107]). Macca 6030na Xurcca orpanudesa
dborom ete™ — WTW ™ ma LEP u maccoit Ton-kBapka Ha Tevatron.

noxostenust [98].

[Tpeapraymme nonckn 3apsizkeHHbIx 6030008 Xurcca na DOdoxkycnposamncn
Ha UX POXKJEHWH IpHU pacnaje Ton-ksapka t — HTb [104] wau B npomecce
pp — tbH™ [105]. IlepBblii anamn3 paccMaTpuBaT BAPUAHT My+ < My, B
TO BpeMsl KaK BTOPOIl paccMaTpuBaJ 3HAYEHUS MaJibIX tan (3, npu KOTOPbIX
ceuenne poxjenus HT jpocruraer munumyma [106].

[Ipsivible TIOMCKH 3apsizKEHHBIX XHI'CCOBCKHX O0O30HOB OBLIN ITPOBEICHBI
una LEP [99] u ua Tevatron [102]; HenpsiMble THOMCKU IIPOBOJMIACH TAKZKe HA
B-dabpukax [100], [101]. Hu opus u3 npeablaynux aHAJN30B He BBIICTI
CUTHAJBHBIE COOBITUS OT 3apsizKeHHBIX 0030HOB XHIcca; pe3yIbTaTaMu 00b-
HNIMHCTBA aHAJIM30B SBUJIMCH OIPDAHMYEHMsl Ha JBa CBODOJHBIX NapaMerpa,
NOSBJIAIONINECS B OOJBITUHCTBE MOJIEICH - Macca 3apsizKeHHOTO XHUTCCOBCKO-
ro 6030Ha (M y+) U OTHOILIEHNWEe 3HAYCHUIT BAKYYMHOTO OKUJIAHUS IBYX XHUT-
ccoBekux mosteit (tan 3). Uccnenosanume na LEP mponecca ete™ — HTH™
MO3BOJIIJIO YCTAHOBUTE, UTO M+ > 78.6 9B na 95% C. L. [107]; pe3ynbraT
B-dabpuku takos: my+ > 295 I'sB [100] na 95% C. L. - B 0oboux ciyua-
SIX TPEANOIArAICA BTOPOil THIT MOJIEIN C JABYMsI XUICCOBCKUMHE JLyOJIeTaMu.
Ha puc. 3.1 nokazanbl obsacTu, MCKIOUEHHBI nccaenopannsvu LEP[99] u
CDF[102|. 3Bamerum, uro pesyabrarsi LEP u CDF npumeHUMBI Jjis1 MUHU-
MAJILHOTO CyIIepcuMMeTpuaIHoro pacimupenusa CM.

B sauHOii ri1aBe ONUCHIBAIOTCS JeTajn SKCIEPUMEHTAILHOIO aHAIM3a 110
MONCKY 3apsiZKeHHBIX 6030HOB XHUICCa B IPOIECCAaX KBAPKOBOIO CJUSHUS (PHC.
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proton

-~ —_

antiproton b

Puc. 3.2: JTmarpammva Juampyiomero mopsika mist mpomecca qf — Ht — th ¢
pacIajoM Tom-KBapKa 1o Kazaxy ¢t — Wb u nenrtomneiv pacmagom W — (v,

3.2), pacmaJaronuxcs B TON-KBApK U b-KBapK, MPOBEJEHHbI HA JETEKTOpe
DO konnaiigepa Tevatron B 2007-2008 rr. Bo MHOruX MOIeISX 3TOT pac-
maj SIBJIAeTCA JTOMHUHUPYIONIUM B OOJIBIHEX 00JacTIX (a30BOTO TPOCTpAH-
crBa rje my+ > my. Tak kak D@anaaus 1o noucKy upomeccoB ¢ OAUHOTHBIM
ton-kBapkoMm [108| pekorcTpyupyer 1o ke (bUHAIBHOE COCTOSTHNE, AITIApaT
ONHMCHIBAEMOIO AHAJIN3a OCTAETCS HMPAKTUIECKH TeM 2Ke cambiM. Crparerus
JKe HaCTOMINEro aHajim3a aHajgorndyda moucky W' B mporeccax poxKIeHHs
OJMHOYHBIX TOI-KBApPKOB, OIMUCAHHOMY B IJIaBe 1 - MBI HCCIEIyeM MacCCOBYIO
obmacts 180 < mpy+ < 300 I'sB ¢ MunnMaabHBIM 3HaYeHHEM MAcChl (T.K.
pacnag HT — tb tpebyer cobuojenus yciaosus mpg+ > m;).B nnrepsaie
saadennit or my+ = 180 9B 10 my+ = 300 ['3B ceuenne B 11060t Moaen
yobiBaeT (Kak yHKIH Macchl 6030HA XUTCCa) MPUMEPHO HA OJIUH MOPSIIOK,
Tak 9T0 MBI BeIOpatn my+ = 300 ['sB Kak BepxHmil mpeies1 HAIIEro MOUCKA.
PesysbraroM JaHHOTO aHAIN3a SIBUJIUCH OTPAHUYEHUS HA CEUCHUs POXKICHUST
3apsikeHHbIX 6030HOB Xurrca B maTepnaJe ero macc 180 < My+ < 300 3B,
YMHOYKEHHBIE HA COOTBETCTBYIOIINE MOJBI PACIa/id, BHIPAYKEHHBIE B JTOJISIX
TOJTHOM mHpHHEB pacnana: o(qq — HT) x B(HT — tb) mig TpéX THIIOB MO-
nmeneil ¢ AByMst XUICCOBCKUMH ayOiaeTamu. [l Momenn mepBoro tuma Oblia
IIOCTPOEHA UCKIIOUaIoNIast 06/1actsb B miockocru (Mp+, tan 3).
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3.2 Mogeaun ¢ aBymsa XHUTCCOBCKNMH IyOJiera-
MU

Onunounstit SU(2) ay6ieT OTBeTCTBEHEH 3a HAPYIIEHHUE 3JeKTPOCTIa00i CrM-
merpun B CM. B monenu ¢ neymsa Xurccockumu jgyosaeramu (2HDM) [97]
Hapymator cumMerputo jasa SU(2)-nybsera. Kak 66110 ckazano B yactu 3.1,
Pa3JIMgHbBIE TUIBI TAKAX MO/l Pa3InIaloTCs TPeIno/1araeMbiM CIIocO60M
nonasyennsg FCNC.

Hanbonee obmuii 3¢pdekTuBHLIN JTarpaHKHaH, ONUCHIBAIONINIT B3aMMO-
JeCTBIE MeXKJIy 3apsKeHHBIM 0030HOM XHrcca W KBapKaMH MOKET ObITh

gw‘/;h‘b 4+ = i 1- 75 1 + ’7
—— 2 H"g; ; 3.1
SN AN toi |~ )| w (3.1)

IJIe Gy CJlabasi KOHCTAHTA CBA3U U gf{, gg - HapaMmeTpbl, OLPEJIE/ILONINe CHILY
BSaHMOﬂeﬁCTBHH IOCPEeACTBOM JIEBbIX U IIPaBbIX TOKOB COOTBETCTBEHHO.
Ceuenne poxjaenusi 6030Ha XHUrcca B TMPOIMECCAX KBAPKOBOTO CJIMSHUS
IPSIMO HMPOIOPIMOHAIBHO BEJIUYNHE TapaMeTPOB gzj u gg. Popma 3TUX ma-
paMeTpOB BapbUpyeTCsd B 3aBUCUMOCTH OT Toro, Kakag 2HDM paccmarpn-

3alliCaH KaK

BaeTcsd. Mbl MCHOJIB30BAJIM CJIEJIYIOIIME BbIPAZKEHUs ITUX [1aPAMETPOB Jijist
omucanus pazandnbix 2HDM:

- 8 2HDM nepsoro tuna [109]:

Q%q = qqg\/— tan 3 (3.2)
My

glq'%q = qqg\/— tan 8 (3.3)
My

rjie ¢ npejCcTaB/IsgeT KBapK Up-TUIa , U ¢ IpeacraBisger KBapK dOwn-THIIA;

- 8 2HDM Broporo Tuna [109]:

g%q/ = qqg\/_ Wcotﬁ (3.4)
g5 = qqg\/_ Wtanﬂ (3.5)
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CompHEP v4.2 Type-lll
£=0.1
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CompHEP v4.2

CompHEP V4.2 Type-l
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o(qq’ ~ H' ~ tb) [pb]
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Puc. 3.3: Ceuennsg poxaenns 3apsizKeHHBIX G030HOB XHUICca B MPOIECCAX KBAPKO-
BOTO CJIUSHUST KaK (DYHKIWA M+ B MOJEISIX C ABYMs XUTCCOBCKUME aybieramu
[IepBOr0, BTOPOTO 1 TpeThero tumnos. Momesnb Tperbero tuma onucana B [98] u Bee

§qq' B3ATHI OlmHAKOBBIMI. Pacmpesenenns momydensl 8 COMpPHEP.

- 8 2HDM Ttpetnero tumna, onucaunoii 8 |98]:

}A/* Y* Atz ‘/;Ld Vus Vub

uu Cu
q¢ %l _ 9 Y 9
g, = (YU Vekm)gg = Yoo Yo Yi Vea Ves Ve
* * *
w Ve vl lve Ve v l/)
, . Via Vus  Vap Yoo Yas Ya
o B N R R
gR - _(VCKMYD)qq’*_ V::d ‘/cs ‘/cb Y:ed }/;s Y;b

Vi Vis Vi Yia Yis Yi

A

IJie apaMeTpPHI Y, BBIPAZKAIOTCS depes:

Yoy = &aq v 2mgmey [v

(3.6)

(3.7)

(3.8)

rJe v - 3HaYeHHe BAaKyyMHOro oxupanus jgyosrera @, a &,y cyTb q¢' mapa-

METPbI CMEINIUBaHUAI.

s 2HDM tperbero tuiia 60/1bIIUX BKJIAI0B OT CJAUSHUS TAXKEIBIX KBAP-

KOB MO2KHO O2KHJaTh B CJIy4dae, €CJIH IapaMeTp CMeEHInBaHuA gtc TOII-

n c-

kBapka 6osbiioii [98]. dua M SSM, byukius napaMeTpa cMeIiuBaHust CKBap-
KOB Tj; KOHTPOJIUPYET YBeJHdeHue OJarofaps MeTjsM CylNepHapTHEPOB da-
crur u nonpaskam K Beprmune chH T s [111]. Puc. 3.3 nwumocTpupyioT moBe-
JIeHHe CevYeHUil POXKJIEeHUs 3apsKeHHOro 0030Ha Xurcca B IIPoIeccax Kpap-

KOBOT'O CJIMSTHUS B 3aBUCUMOCTHU OT ero macchl Jist 2HDM Tpéx tunos.

Bo MHOMEX MOZEIX, eCau Mg+ > My J0Js MOJTHOTO paciaia 3apsiyKeH-
HOro 0030Ha Xwurcca B th mopsijika eJIUHHILI. DTO MIPOMCXOJUT OJIarogaps
OOJIBIION Macce TOIA 1My ¥ MaCCOBOI 3aBUCUMOCTH IaPAMETPOB, UTO SIBJISET-

cst 061MM Jitst Beeit XUrccoBeKoil heHOMEHOIOrnH, Kak MOKa3aHo B (3.2-

3.6).

Ha puc. 3.4 noka3aHbl 3aBUCHMOCTH JI0JIM pachaja oT mapamMerpa tan [ s

pazangHbIX puHAIBHBIX cocTosiauit a1 2HDM BToporo Ttuna.
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Puc. 3.4: lonu pacnaja 3apszkenHoro 6o3oHa Xurcca B MOJEJU C JABYMsl XHI-
CCOBCKMMHU JIyDjieTaMu BTOPOro Tuita, Kak (pyHKIuU tan 8 Jjs JByX Macc: my+ =
200 I'sB (csreBa) u mpy+ = 300 I'sB (cmpasa). B mmpoxkoit obsact 1 < tan 8 < 100

kanan HT — tb npeobrasaer was apyrumu pacuagamu. JLoam pacmaja mojacaura-
Hbl ¢ omorbio HDECAY [113].

3.3 Jleraau 1IpPOBEJIEHHOTO aHAJIN3a

3.3.1 MoaerupoBaHne CUTHAJbHBIX M (POHOBBLIX COOBI-
TUMN

I[Ipomecce ¢ 3apsizKeHHBIM 6030HOM Xnrcca q¢f — HtT — tb 6n11 cMomenn-
poBaH B BeruucauTebHoM nakere CompHEP. CobbiTus Ob11H cO37aHBI 115
pasamdaHbX Macce 6o3on0B (mpg+ = 180, 200, 220, 240, 260, 280, 300 I'sB) ¢
HCIOTH30BAHIEM OOIIero arpanKnana, IpuBeIeHHoro B (3.1) ¢ g%q/ = crVyy
n g%q/ = CRV:]q’-

Ha srane remeparum curnajibubix coObituit W-6030H U3 pacrnaja Tom-
KBapKa BBIOHpAJICS PacHaIaioliuMcs [0 JenTOHHOMY KaHaury. CHrHaJIbHBbIE
coOBITHY OBLIM CO3AaHbBI IPHU 3HAUYeHuAX KoHcTaHT c¢;, = 0,cgr = 1 maa zabo-
POB COOBITHIA, OTBEUYAIOIINX B3aMMOIEHCTBHIO 3apsKeHHOTo 06030HA Xurcca
IIOCPE/ICTBOM IPaBbIX TOKOB U ¢, = 1,cr = 0 151 JieBbIX TOKOB. B pesyiib-
Tare OBLIO cO37aHO 84 cOMILIA, KaxK/Iblii n3 KOTOphiX cojgepzxkas ot 10000
710 15000 cobpiTuii. [lomydmBimmecs B UTOre JieBble W MPaBble CIMILTBI 3aTEM
OBLIM CKOMOMHHPOBAHBI B PA3JMIHBIX HPOIOPIHUS C METbI0 CHUMYTHPOBAHUS
2KeJaeMOoil MOJeIn C MpedoIpeaeIeHHOl KHPaJIbHOCTHIO.

3amMeruM 371eChb, 9TO MPONECC KBAPKOBOTO CJIMAHUS, PACCMATPUBAEMbIN
B JIAHHOM aHa/in3e, He TaK CUJIbHO TOJBEPYKEH BJIUSHUIO WHTePhQepeHnn
co croponsl W-6030Ha, Kak 310 ObLIO B anaauze DO mo nomcky W' B s-
KaHAJTBHOM IIPOIECCe POXKIEHHS OJUHOYHOIO TON-KBapKa, OMHUCAHHOM B IJa-
Be 1 ([5], [6]), rae unTepdepennuo HEOOGXOAUMOD ObLIO MPUHUMATH B PACIET
- B JIaHHOM cJiydae uarepdepupyior ckajspHas (60300 Xurcca) u BeKTOP-
Has (W-6030n) gacTuiipl (B ormdun o1 nHTEPdEPEHINE BEKTOPHBIX 6030HOB
W’ u W rnassr 1) n BkIa nHTepGEPEHIIHORHOTO YJIeHa MOJABIEH H3-3a Mac-
COBBIX HAYAJIbHBIX KBAPKOB.
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tang < 0.1 tang =1 tanB = 5 tans > 10
Left 0.5 0.5 0.5
Right 0.5 0.5 0.5
Left 0.99999 0.002 0.00001
Right 0.00001 0.998 0.99999
Left 0
Right 1.0

2HDM (1)

j=Re] o)
ot ot ot ot

2HDM (IT)

’ 2HDM (I11)

Tabmumna 3.1: CobbiTHitHble Beca, NCOIb3yeMble TP KOMOWHUPOBAHNN JICBBIX W
MPABBIX CUTHAJIBHBIX COMILIOB [IJist cuMyaanun pazanduabix 2HDM. 91u Beca 6biin
nmojcunTankl pu 3uadennn tan § < 0.1, tan 3 = 1, tan § = 5 u tan § > 10 mogeeit
IIepBOro U BTOPOTO THIA, U IPUMEHHMBI I BeeX Mace H T, MCIONb3yeMbIX IIpH
rereparun. 3amernm, uro 2HDM rTperwsero Tuma we 3aBucut ot tan j3.

KonudecTBeHHBIE COOTHOIIEHNST KOMOMHAINH apoMaTOB HAaYaJIbHBIX Iap-
TOHOB ¢;(; MOJEJbHO3ABUCUMO M 3aBHCAT OT 0DOMX KOHCTAHT n dyHKImit
pacnpezesennst napronos (PDF'). Ha srane renepannun MK-coberruii B ma-
kere CompHEP Tak HasbiBaeMble UHKA103UGHbLE CIMILILI OBLIU MOy YEHDI C
napameTpoM V;; 1 PDF', TOTHOCTBIO OIpeIeIA0MIMI OTHOCHTEIbHBIE IIPO-
mopIHn map KBapkos ud, us, ub, cd, ¢35, chb B HAMATBHOM COCTOSIHHE. B Takmx
MHKJIFO3UBHBIX paitiax nojnas mupuna ['g+ BapbupoBasach or ~ 5 9B
npu my+ = 200 I'sB 10 ~ 9 I'sB gt my+ = 300 I'sB. [lis onenku Toro,
KaK BapbUPYeTCsT KOJIMIECTBO COOPAHHBIX COOBITHI OBIJIN CO3/TaHbl TAK Ha3bI-
BaeMbI€ IKCKA03USHbIe HADOPBI COOBITHI ¢ (PUKCHPOBAHHBIMU HAYAJIbHBIMH
COCTOAHUSAMU MAPTOHOB ucz, us, uE, CJ, ¢35 un cb.

[Tocjie dTana remepanuu 1MoJ1y4eHHbIe COObITHS ObLIM HPOIYIIEHbI Yepe3
OPOrpaMMbl CUMYJISIANA U PEKOHCTPYKIuu D) geTexTopa ¢ MOMOIIBIO yTH-
Jut mc_runjob. Ha Koneunowm sTare, 1 ONMEHKW JOCTOBEPHOCTH CUTHAJb-
HBIX (Dail;loB KHHEMATHIECKUE pacIpeie/ieHus BceX 00beKTOB KOHEYHOTO CO-
CTOSTHUSI OBLIN CpaBHEHBI C PAaCIpeIeIeHUSIMU, TOJYIeHHBIMUA B IPOTPAMM-
oM nakere Pythia [114]; 6bw10 Hafieno, 410 pacupe/iesieHust XOpoIo coria-
CYIOTCsl IPYT C JAPYTOM.

CobbiTHitHBIE BECca, NCHIOJIb3yeMble JIJIT KOMOMHUPOBAHWS CIMILIOB, OTBE-
AKX JIEBBIM (IpaBbiM) TOKaM i pasandubix 2HDM onenuBaiuch Kak

OL/R

wL/R = (39)
rJie o1, /R M 0 €CTh CeUeHNUs POKIeHUs 3apsazKeHHbIX 0030HOB XHrcca B IPoILec-
ce KBapKOBOTO CJUAHNS, IMOJyUYeHHbIe B IIPEINON0KeHNN HEHYIeBOrO JIeBOM
(mpaBoil) KOHCTAHTHI M TIOJHOE CEUeHUe POKJIEHUsT COOTBETCTBEHHO.

[IpumeHnsieMble B 5TOM aHAJIM3€ METOJIbI UCCAETOBAHUS OUeHb CJ1ab0 TyB-
CTBHUTEJIbHBI K KHHEMATUYECKUM Pa3/InIusiM, BOSHUKAIOIIUM BCJIEJCTBUAE Pa3-
HBIX KupaJsibHOcTeil. Tabsmna 3.1 jeMOHCTPUpYeT Beca, MCIOJIb3yeMble JIJIsT
alnpoKcuMupoBanusd pa3andubix 2HDM.
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3.3.2 ®onoBasg moaeab u Moure-Kapiio codobiTus

DoHOBLIME B JAHHOM aHajlu3e sBjsioTca npouecchl W-crpyn, tt 1 pox-
JIeHe OJIMHOYHOrO TOM-KBapKa. /lJIsi OMHOYHOTO TOTN-KBapKa S-KaHAJbHBII
(tb) u t-kanasnbubi (tgh) mporeccst 6b11u ckoMGuHUpOBaHbL. [ToTHOE CeueHme
3THX (POHOBBIX IporeccoB cocTapasgeT 19.459 6 pia W4crpyn, 6.8 £1.2 pb
i tt u 2.86 4= 0.45 pb 1 0IMHOYHOIO TOI-KBAaPKa.

HaGopn! cobbituit s kanagos Wjets u tf ObIIM CO3/1aHBI ¢ TOMOMIBIO
regepaTropa ALPGEN, KOTOPBIil HCIOJIH3YeT AJTOPUTM COTJIACOBAHUS CTPYit
B IeaX u30ekaHusd JABOIHON mx reneparuu. CIMILIBI ¢ OJUHOYHBIM TOII-
KBapKoM ObLIu co3janbl ¢ nomoribio MK-reneparopa SINGLETOP, yuuThI-
Bafomero NLO-nonpaBku ¢ HpOBEPKOil IJIaKOCTH KHHEMATHIECKHX PACIIPe-
nenennii. Oba remeparTopa MCHOJIB30BAIN MACcCy TOIN-KBapKa, PABHYIO My =
175 T'sB u dyuknuto pacupeqenenust mapronos CTEQG6L1 . Ceuenns, 10-
JIM TIOJIHOT'O Paclaja u Jpyras JONOJHUTE/IbHAsS HH(MOPMAIUA MOXKET ObITh
Haiizena B [108].

JLna yaéra paznuunii B pacupeaeeHusx A1 JaHabiX 1 MK-coObiTnii ObI-
JI IPUMEHEHBI HEKOTOPbIE KOPPeKTupyioriue hakTopsl. KpuBbie BKIIOUeHUsT
TPUITEPOB ObLIN UCIIOIb30BaHbI st iepes3BentuBanus MK cavimios. Paziu-
qug B ID senronoB u 3 dekTuBHOCTH N30/IAIIN ObLIA TaKKe MOIBEPIrHYTHI
KOPPEKIUH C IIOMOIIBLIO BECOB, IOJIYICHHBIX U3 Z — [T]™.

Habopsl cobpiTHil 1714 ¢ 0AUHOYHOTO TON-KBapKa OBLIM HOPMHPOBAHBI Ha
MHTErpajibHYI0 CBETHMOCTH Habopa JaHHBIX ¢ ucnosb3osanumem PDG [107]
Bimanue W-+jets dona omnpesesnsjioch ¢ UCHOIb30BAHUEM MATPUYHOTO Me-
toza [116] , mpo koropsiit Gostee moapobHO pacckaszano B [17].

3.3.3 Otb60p cobbITHIT

B ganHOM aHajm3e MbI HCCIeA0BaIH OKoso 1 6! mamHbIX, cOOpaHHBIX
D@ 3a nepuos ¢ arycra 2002 r. 10 gexadbpsb 2006. 3apsrkenuniii 60301 Xurcca
PeKOHCTpyHpoBasicsa B dbunagpHoM cocrosuun HT — th — (Tubb, ciemoba-
TeJIbHO MBI TPeHOBAIM MTPUCYTCTBUS OJHOTO 3JIEKTPOMATHUTHOTO KJIacTepa u
cTpyu J1Jid CO6bITHﬁ QJIEKTPOHHOI'O KaHaJla U MIOOHA U CTPYyHU JIJId MIOOHHOT'O.

OO6mmast crparerust HACTOAIIETO aHAJIN3A MPAKTHIECKHA WJIEHTUIHA TOI,
YTO MCIOJIB30BAIACH B aHAIN3e 0 OOHAPYZKeHHo Ton-KBapka [118], Tak kak
curaarypa (GuHATBHOTO cocTosguus (th) uaeHTHYHA cUrHATYPe (DUHATHHOTO
COCTOSTHUS S-KaHATBHOTO POZK/IEHUS TOM-KBAPKOB; HAOOP 0Ope3aHuii, mpume-
HEHHBIX K KayKJIOMY OOBEKTY JAHHBIX, (P)OHOBBIM W CUTHAJLHBIM COOBITUSIM
COOTBETCTEHHO BLIOUPAIOT COOBITUS ¢ TaKuM (DUHAJIBHBIM cocTosinueM. [1po-
e/ fypa orbopa coObITHiT COMePKUT TPpeOOBAHNE HAJIMINS XOPOIIeil 0CHOBHOIM
BepHIMHLL |zpy| < 60 cM ¢ Tpemsa wiau GoJsiee NPUCOEIUHEHHBIMA TPIKAMHE U
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’ m ‘ tanB < 0.1 tanB = 1 tanB = b tanB > 10

H+

e | u e | © e | % e | %
180 0.52+0.01 | 0.44+0.01 | 0.51£0.01 | 0.43£0.01 | 0.50£0.01 | 0.42£0.01 | 0.50£0.01 | 0.41£0.01
200 0.46+0.01 | 0.3740.01 | 0.44+0.01 | 0.37£0.01 | 0.43+0.01 | 0.37£0.01 | 0.43+0.01 | 0.37+0.01
220 0.84+0.02 | 0.61£0.01 | 0.794+0.02 | 0.61£0.01 | 0.754+0.02 | 0.61£0.02 | 0.7540.02 | 0.61+0.02
240 1.1140.02 | 0.89+0.02 | 1.034+0.02 | 0.85+0.02 | 0.954+0.02 | 0.82+0.02 | 0.954+0.02 | 0.82+0.02
260 1.2040.02 | 1.02+0.02 | 1.1340.02 | 0.98+0.02 | 1.0640.02 | 0.94+0.02 | 1.0640.02 | 0.94+0.02
280 1.2740.02 | 1.07+0.02 | 1.2040.02 | 1.02+0.02 | 1.1340.02 | 0.97+0.02 | 1.1340.02 | 0.97+0.02
300 1.3440.03 | 1.14+0.02 | 1.2940.02 | 1.07+0.02 | 1.2340.02 | 1.01+0.02 | 1.2340.02 | 1.01+0.02

Tabuna 3.2: CurnanbHbIE aKIENTAHCH, BHIPAsKEHHBIE B MPOIEHTAX, I CO3/TaH-
HBbIX HAOOPOB coOBITHIN, Mogeaupyomux mporecckl B 2HDM proporo tuma. Cur-
HaJIbHBIE aKIIEeITaHChl, HoaydeHHble 11 tan 8 = 1 u tan 8 > 10 Tak:xXKe crupase-
guebl st 2HDM mojenin mepBoro u BTOPOro THUMA, COOTBETCTBEHHO. 3HAUEHUS
IpUBEIEHBI BMECTE CO CTATUCTUIECKUMU HEOIPeIeIEHHOCTAM.

JIETITOHA, TPHUIINE/INEero oT oCHOBHOI Beprmubl. |zpy (I, PV)| < 1 cm [108].
O160p cOOBITHI 37IEKTPOHHOTO (MIOOHHOTO) KaHAJIA COCTOUT U3 TPeGOBAHMUSI
HAJIMYUsT TOJBKO OJHOTO 3JekTpona (Mioona) ¢ Ep > 15 (pr > 18) I'3B ¢
Indet] < 1.1 (2.0), u Taxske apyroro MiooHa (3;eKTpona) ¢ pr > 18 (15) I'sB.
¢ onenduupiM 3nadenuem [n| < 2.0 (2.5). TakzKe B 3/1eKTPOHHOM KaHaJie He
MMO3BOJISJIOCH ITPUCYTCTBHE BTOPOTO 3jieKTpona ¢ Fp > 15 I9B. [Ias obonx
KaHaJIOB TPpebOBaIOCh HAJIUYKe HOTepSHHON sHeprun ¢ 15 < Kr < 200 I'3B.
HosbiM 1o cpaBrennio ¢ [108] ay1st JaHHOTO aHAIH3A SIBJISETCS TpeOOBAHIE
OPUCYTCTBUS B TOYHOCTH JBYX CTPYH, JUIUPYIONAst U3 KOTOPBIX JOJZKHA
ObLia umeth pr > 25 [9B u |ndet| < 2.5, a sropas pr > 20 ['3B u |n9°t| < 3.4.
Heranbryto nadopmainuio 06 obpe3annsx MoxKHO nocmorpers B [108].

Tak kak o6e crpyn HT — tb — (vbb cyTh cTpyn or b-KBapKa, MbI HC-
[OJIL30BAJIN AJTOPUTM TATUPOBAHUS [Tl VIYUIIeHUs] BHIMMOCTH CUTHATIA.

Tabauna 3.2 meMOHCTpPUPYeT CUTHATBHBINA aKIENTAHC TOCTe MpeIBapu-
TeJIbHOrO 01dopa u b-raruposanus s 2HDM nepBoro, Broporo u Tperbero
tunoB. Curnanbublii aknentanc canrayucsa kak Y /(L X o), rae ) BoIpazkaer
CUTHAJIbHBIN HAOODP , L WHTErPaIbHYIO0 CBETUMOCTD U 0 - CEUeHUe POYKICHUSI.
Honsg pacaga W 6030Ha COOTBETCTBYIONIErO KaHAIA BCTABJICHA B OLIpeIe ie-
HUE aKIEeNTAaHCA. DTU aKIENTAHCHI He MCIOIb3YIOTCS IS MPSIMOTO MOICYETa
HPeJIe/IOB CeYeHU HO NPUBEIEHDI 3J1eCh JijIs oKa3a addekTuBHOCTH 0TOOPA
JIUTST PA3JINIHBIX CUTHAJIOB.

XapakTepHas 4epTa CUTHAJIbHBIX COOBITUI HAJTUYNE 3apszKeHHOTO H030HA,
Xurcca 6osbmioit Maccewl. CaegoBaTe lbHO, MOYKHO UCHOJIB30BATH PEKOHCTPY-
UPOBAHHYIO MACCY CHUCTEMY U3 TON-KBapKa W D-KBapKa Kak pase/IsiolLyio
MepeMeHHYIO /TSl CUTHAIA. PeKOHCTPYUPOBAHHAS HHBAPUHTHAS MaCCa CUCTe-
MbI tb TOJTy9aeTcs myTéM CJI0YKeHus 4-X BEKTOPOB JBYX CTPY#l U PEKOHCTPY-
upoauHoro W-6o030Ha 1151 KaxKa1010 coObITHsA. W/ -0030H PEKOHCTPYUPYeTCs
myTéM CJIOZKeHHs 4-BeKTOPOB JIENITOHA U [, IpUYéM U3 JABYX peIleHuil Ku-
HEMATHYIECKOTO YPaBHEHHS OTHOCUTEIBHO MPOIOIBHOTO UMILYIbCA HEHTPUHO
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BBIOMpAETCs HAauMeHbIIee.

Ha puc. 3.5 npusejena peKoHCTpyupOBaHHAsI MHBapUAHTHAs Macca 3a-
psizKeHHOro 0030Ha XWICca IOCJe IPeBapUTeIbHOT0 O0TOOpa W Olpejesie-
Husg b-cTpyii. PekoncTpyupoBanHas MHBapHaHTHasd Macca He UMeT UK Ha
My = 180 I'sB notomy, uTo oToOpaHHbIE COOBITHUS JieXKaT “Ha XBOCTE" 3TOI0
pacmpeaeeHus.

E 100~ e+y, 2 jets, 1+2 b-tags
S [ * DBO0.9fb*
3 80 B tb + tgb
c r B
Lﬁ 60__ B + W + jets
i B Multijets
a0l + — H'(180 GeV) x 50
- ---- H'(240 GeV) x 50
i + + -m HY(300 GeV) x 50
20—

0 oy e el |
100 200 300 400 500 600 700
M(jetl,jet2,W) [GeV]

Pwuc. 3.5: T'ucrorpamMMa pekoHCTpYHpOBaHHON Macchl cucreMbl th. [Tokazano uH-
KJIFO3UBHOE PaCIpejeeHe e-KaHAIbHBIX U [-KAHAJBHBIX CODBITHIl C JBYMS CTDY-
sIMU, TJIe OJHA WM JBE W3 HUX OINPENeIsiioTcs Kak ujaymme or b-kpapka. Pac-
npenenenns coorBercrByior 2HDM Tperbero twma m maccam 06030HOB Mg+ =
180, 240, 300 I'sB # HOpMHUPOBAHBI B COOTBETCTBHE C CEIEHUSIMU POKIEHUS, TIPUBE-
JéHHbIMY B [98] 1 yMHOKeHHBIMU Ha dakTop, paBHbIil 50.
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3.3.4 CucremarndyeckKue HeONpPeaeIEHHOCTU

I/IMeeTCH HECKOJIBKO UCTOYHUKOB CUCTEMATUYECKUX HeOHpe,Z[eJIéHHOCTeﬁ 1npu
OIEHKE YHCJIa OJKHUIAEMbIX CHIHAJBHBIX W (DOHOBHIX cobObITHil (eM. [108] myist
11o1pobHo# nHdopmanuu). st 0:Ku1aeMbIX CHIHAJBHBIX COOBITHIT BCe HEOIpe-
JTeTEHHOCTH MPEIIOIAraloTCsd TAKIMHA Ke, KaK U JIJI CATHAIA OT OJHHOYHO-
I'0 TOI-KBApKa, 38 MCKJIIOYEHHEM HeOIPeaeIEHHOCTEM, CBIA3aHHBIX ¢ IOIIPaB-
KaM# K dHepruu c¢rpyu u 3hHekTuBHOCTH b-TIrUpOBaHUsI, TPUMEHEHHOTO K
Mownre-Kapaio. [Tocaennsisi onennBaiach (/i1 CHTHATA OT 3apszKEHHOTO 60-
30Ha XHrcca) MyTéM TMOBbINIEHNs U MOHUKEeHUsT TApaMeTpPa, OMpPeIe/IaioIero
3¢ HeKTUBHOCTD UIeHTUMUKAINE b-CTPYH Ha OJHO CTaHIAPTHOE OTKJIOHEHHE
1 HAOJIIOJIEHKUSI COOTBETCTBYIONIEIO OTKJ/IMKA B YUC/IE€ OXKUIAEMbIX COOBITHIA.

HeonpeaenénnocTs, cBsI3aHHast ¢ TOMPABKAMK K SHEPIUHA CTPYHU OIEHUBA-
JlaCh MTOXOZKe - HyTéM HOBBIIIIEHUA U IIOHUXKEHUS TaKOu MMOIIpaBKKU Ha OJIHO
CTaH/apPTHOE OTKJIOHEHHe. /IBe 3Tu Heompe e éHHOCTH, BMECTe C HEOIpe/ ie-
JIEHHOCTBIO TEOPETHYIECKOr0 3HAUEHUS CeUeHHs U BKJIAI0B IAPTOHOB HAYAIb-
HBIX COCTOSIHUI, JOMHUHHPYIOT HAJ BCEMH OCTAILHBIMHU B CUTHAJIE U BJIMSIIOT
Kak Ha (opMmy pacipejiesienuit, Tak 1 Ha HOpMUPOBKY. Cucremarudeckue u
CTATHCTUYECKUE HEONPEIeJIEHHOCTH CYMMHUPOBAHBI B Tad. 3.3; 6oJ1ee neralib-
HOE OIHCAHIE MOXKHO MOYepnHyTh B [17].

HT curnan Don
1 b-ctpya 2 b-ctpyu 1 b-ctpya 2 b-crpyn

KommioHeHTBI 1711 HOpMUPOBKH

Bkiaa mapTOHOB HAYATBLHOTO COCTOSTHUS 10.0 10.0 — —
CBeTuMoCThb 6.1 6.1 6.1 6.1
Ceuenmne 16 16 15.0-18.0 15.0—-18.0
Hons pacmaga® 1.0 1.0 1.0 1.0
Marpuanbrit MeTOm — 18.2—20.7 26.5—27.6
OcHoBHast BepmmHa® 2.4-3.0 2.4-3.0 2.4-3.0 2.4-3.0
ID nemrona® 5.5—74 5.5—74 5.5—74 5.5—74
ID crpyu® 1.5 1.5 1.5 1.5
OparvenTanus crpyun® 5.0 5.0 5.0-7.0 5.0-7.0
Tpurrep 3.0-6.0 3.0-6.0 3.0-6.0 3.0-6.0
KommoneHTsI /1151 HOpMUPOBKY U (DOPM paclpeeeHuit

IlompaBka K sueprum cTpyun” 1.5—-10.3 0.6—10.7 0.3—20.1 0.8—-19.7
3asucsiue or apomara TRF 1.1-3.2 11.8—-13.2 18-7.5 12.0-16.1
Crarucruka 0.4-0.7 0.4—-1.2

Tabauma 3.3: Csojka 10 cUCTEeMaTUYECKUM U CTaTUCTUYECKUM HEOIIPeleIEHHO-
CTSM, BBIPAYKEHHBIM B TPOTeHTaX. KaxK1asd KOJIOHKA BKIIOYAET HEOTPEIeTEHHOCTH
e-KaHaja u (-Kauasta. g curaasia pazdpoc CucreMaTnyuecKux HeOmPeaeaeHHOCTEH
IpuUMeHuM i ciaydaeB Bcex macc u 2HDM Bcex Tpéx Tumos.
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HeonpeaeméHHOCTh CUTHATBHBIX COOBITUII BO3HUKAET W3 HEM3BECTHBIX 3a-
paHee IPONOPIKIT apOMATHBIX KOMOMHAIMIT HA4Ya/IbHBIX HAPTOHOB, JAIONIUX
JKU3HB 3aPsKEHHOMY 0030HY XHUI'CCa MOCPEICTBOM KBAPKOBOTO Causiaust. Or-
HOCHTeJIbHBIE mporopiuu ud, us, ub, cd, c3, cb onpenensorcs GyHKIMIME pac-
npeaeaeHns NapTHOB U KOHCTAHTAMHI quq/ n g}lgl. DTO0 3aBUCUT OT MOJIETBHBIX
napamerpos Tumna tan B 2HDM nepsoro u Broporo tumna. /Ing Toro, aro-
Obl OLIEHUTDH YYyBCTBUTEJbHOCTH HAIIEI'O AHAJIN3a K U3MEHEHUIO COOTHOIIEeHUI
BKJI&/IOB HAYAJIbHBIX MMaPTOHOB, MbI UCIHOJ/IL30BAIN IKCKIIO3UBHBIE HAOOPbHI
MK-cobbiTuil, B KOTOPHIX KOMOWHAIINN HAYAJIHHBIX MAPTOHOB OBLIN (DUKCH-
posanbl napamu ud, us, ub, cd, ¢35, wiu cb. B 9KCKIIIO3UBHBIX HAGOpPAX COObI-
tuit gag my+ = 200 I'9B, cranmapTHOe OTKJIOHEHHe, TeJEHHOE Ha CpeIHee
KOJIMYECTBO OKUJIAEMbIX COObITHIT (0/ 1) B KazK10il 9KCKIIIO3UBHOI KOMOMHA-
UK HAYAIHHOIO COCTOSTHUS BAPbUPYETC OT MUHMMaJbHOrO 3uadenus 4.3%
JI0 MaKCUMaIbLHOTrO 3Havenns 6.8% mist AByX KMpaJbHBIX COCTOSHWIA W IBYX
JIEITOHHBIX KaHAJ0B. MBI TaKzKe ONeHUIN IyBCTBUTETLHOCTD HAIIETO aHAIHU-
3a K U3MEHEeHUsIM B pacIpe/ieIeHnIX HAYAJbHBIX TapPTOHOB IIYTEM TOICIETA
OKUJAEMbIX LPeJesioB (eM. pasjen 3.3.5), UCHO/Ib3ysl IKCKIIO3UBHBIE CHUI-
HaJIbHble HADOPbHI KaK OXKUJIAeMbIil CUT'HAJI OT 3apsKeHHOro 6030Ha XHUTrCCA.
Mper mamn, 910 HanbOJIbIIEe U3MEHEHNE B BEPXHUX Tpejesax o X B Mmex ity
JIOOBIME JABYMd 9KCKII03uBHBIME Habopamu coctapiager 10%. Crenobarenn-
HO, MBI HCHOJB3yeM 310 3Hadenue (10%) Kak 3HAYEHHE CHCTEMATHYECKON
HEONpeIeIEHHOCTH, OTPpazKalolieil Hem3BeCTHBIe KOJTNIeCTBeHHBIe COOTHOIIIE-
HUs BKJIQJIOB AP HAYaJIbHBIX KBaPKOB.

3.3.5 Ilpenesnbl ceyeHnii

Jlng momcuéra BepXHHUX MPEIEOB Ha CEUeHHs DPOXKICHHS 3apsaKeHHBIX 00-
30HOB XUI'CCA, YMHOXKEHHbIX Ha JIOJII0 paclajia 0030HOB B (puHabHOE CO-
crostame th, MBI HCMOIB30BAIN BaifeCOBCKYIO CTATHCTHKY U MeTOs (byHKIHH
MPaBIOTIOI00WSI.

JIns Takoii mponey pbl UCIHOIL30BAJICS BBIYHCTUTEILHBII IIAKET JIs CTa-
THCTHYECKOTO aHau3a top_statistics, omucaunnsiii mogpobuo B [119]. Mbt
HAIILJIM 4TO LIePEMEeHHas, IIPeJICTaB/IsIonas co00il peKOHCTPYUPOBAHHYIO MH-
BAPMAHTHYIO MACCy CHCTEMBI th obecrieanBaeT HanboJIee YI0BIeTBOPHTEILHOE
paszesienne curHaaa u GoHA W yCTAHOBUJIN TIPEIesIbl s KazKI0ro KaHaa,
paccmarpuBaeMoro B anasuse: (e, i) x(1,2)b-tags. [lus jgeMOHCTpauu pas-
JeJleHns Ha pucC. 3.6 IpUBEIeHbI paclpeieleHus I JaHHBIX, (POHOBBIX U
CUI'HAJIbHBIX HPOLECCOB, & TaKzKe Jijisi Habopa cOObITUil, NCKJIFOUEHHBIX aHa-
Jau30M (¢ oTcyTeTBHEM D-TSTUPOBAHHBIX CTPYi).
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Tak Kak pacmpejeneHne M0 HHBAPUAHTHOW Macce IyBCTBUTETBHO K TOJI-
noit mmpune ['y+, onpejessseMoit Mojie/IbHBIME [IapaMeTPaMM, Mbl HAIILIH,
4TO pacupejesienus Jig 1osHoit mupunnl s M 2HDM sroporo Tu-
a MOJABJICHO pa3pelIalolieil ClI0COOHOCTHIO JIETEKTOPA B IMHPOKOi 00/IacTH
spavennii tan 8. g my+ = 200 I'sB, 'ayccoBckoe dbutupoBamue aaio mm-
puny, pasayto 25.5 & 0.2 I'sB nna pacnpegenenua no M. Tax xax 3Ha-
genue mupuHbl ['g+ B Mogenn 2HDM Broporo Tumia jijisi 91oro 3HavdeHwus
Maccehl npubau3nTeapHo pasaa 5 ['9B st tan f = 1 (3Havenune 1mocauTano
B CompHEP), MbI MOKeM czie1aTh BBIBOJI, 9TO pa3pelienne JeTeKTopa PaBHO
V252 — 52 I'3B =~ 25 £+ 1 I'sB. Buiors mo 3navenuit tan f = 100 (8 2HDM
IIePBOrO W BTOPOIO THIIA) IHpHHA pacupenenenns Mif° mennme 2 9B u
HPAKTUYECKH HE CKA3blBAETCs Ha HPOILE/lype YCTaHOBKU 1pejiesioB. ['padu-
KU 3aBHCHUMOCTH IIUPUH PACIa/ia 3apsAKeHHOro 6030Ha XUrcca OT €ro Macchl
MpUBeIEHbl B HA puc. 3.7.

Mpbl pazennn pacrupesenenne 0 HHBapuaHTHOU Macce Ha 100 ddeek B
npome:kyTke oT 0 10 800 I'sB g mocrpoenuss byHKIUKA MPaBIOIOI00MS.
Cucremarnvyeckue HEOUPEJIEJTEHHOCTH, U3MEHIAIONNe HOPMUPOBKY u (hopmy
pacipe/ie/ieHust 110 UHBAPUAHTHOM Macce KOPPEKTHO YUUTHIBAIOTCS HPOIE/Ly-
poii ycranoBku npegesion [119]. st adbdexrron, mensiromumx (hopMy pacipe-
nejenns (MOMPABKYU K SHEPTUH CTPYI M MOJIEJUPOBaHIe D-TIrHPOBAHIS) MBI
HCIIOJIb30BAIN METOJ, OCHOBAHHBIH HA U3YyYE€HUU U3MEHEHUS pe3y/abTara MpH
BapbUPOBAHUHU COOTBETCTBYIOIINX HEOMPeAeIEHHOCTE HA OJHO CTAHIAPTHOE
OTKJIOHEHUe, ONMCaHHOe B pasjese 3.3.4.

[IpejicTraBienHbIe pacipe/ie/ieHust COTJIacyIOTCs C HANTUM TOHUMaHUEM CH-
CTeMATUIECKUX HEOIpeIe/TIEHHOCTe U ObLIM CKOMOMHUPOBAHBI ¢ (DyHKIIHEH
IPABJIONOT00MS IS IOy Y€HU A TOCTEPUOPHOIT IIJIOTHOCTH BEPOSITHOCTH. MbI
HCIIOJB3YEeM 3TO U ILIOCKOe, HEOTPHUIATEIbHOE PacCIpeie/ieHne I/ CeUeHus
JUIs HOJCYETa Upee/ioB Ha Beandunbl 0 X B ana paszmmansix 2HDM wa 95%
CL.

Tabmunpr 3.4 u 3.5 JeMOHCTPUPYIOT OXKHUJaeMble U HabJII0gaeMble BepX-
HUe Ipejesbl Ha cedeHus g pasaunddabix 2HDM. 3amerum, dTo pesyiib-
TaThl npejacrapiaensl g 2HDM Broporo Tuma, HO Takue pe3yabTaThbl JIjis
tan = 1 skBuBaJienTubl s 2HDM nepsoro runa s Bcex tan (3, a pesyJib-
tatel st 2HDM Broporo tuma npu 3uadenusx tan 3 > 10 sxBuBaIeHTHBI
pesyabraraMm it 2HDM Tperbero Tuma, Tak Kak KOMIOHEHTa, OTBETCTBEH-
Has 3a JieBble TOKH, NMpeHeOpe:kKMMO MaJsia B TakoMm Habope coObiTuii. CM.
puc. 3.8, HA KOTOPOM IIpeJICTaBIEHbI OXKHUJIAaeMble U3MEpPEHHbIE IPeIesbl B
3aBUCUMOCTH OT MAcC 3apsizkeHHOro 0030Ha Xwurcca.
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Puc. 3.6: Pacnpenenenus nmo mHBapuaHTHON Macca IS 9eTHIPEX KaHAJIOB, Pac-
CMaTPUBAEMBIX B aHAJIM3€ U UCIIOJIb3YEMBIX B IIPOTIEIYPEe YCTAHOBIEHHS MIPEIEIOB,
(e, ) x(1,2)b-rarupoBannbix crpyn. Ha pucyHke TakKe NpPUBEJIEHBI COOBITHS, HE
cozepzKaIye b-TarupoBaHHBIX CTPYii (MCK/TIOUEHHBIe aHaan3oM). Bee pacmpese-
JICHUs] UMEIOT CTOJILKO JKe f9€eK B IMCTOTPAMME, CKOJIBKO OBLJIO MCHOIB30BAHO
[IPH YCTAHOBKE TIPEJIEJIOB.
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M+ tanf < 0.1 tang =1 tan3 =5 tanf > 10
(GeV) e I KOMO. e o KOMD. e o KOMO. e I KOMO.

180 149 16.9 11.4 156 17.9 12.2 15.1  17.6 11.7 15.1  17.5 12.2
200 12.4 15.3 9.6 13.4 15.2 9.9 13.9 14.7 10.0 13.9 14.7 10.0

220 5.5 7.5 4.2 5.9 7.4 4.4 6.3 7.1 4.5 6.3 7.1 4.5
240 4.0 5.4 3.1 4.4 5.6 3.3 4.8 5.7 3.5 4.8 5.7 3.5
260 3.6 4.9 2.8 3.8 5.0 2.9 4.0 5.1 3.0 4.0 5.1 3.0
280 3.3 4.5 2.6 3.6 4.6 2.7 3.8 4.6 2.9 3.8 4.6 2.9
300 3.0 4.0 2.4 3.1 4.2 2.4 3.1 4.3 2.5 3.1 4.3 2.5

Tabsuma 3.4: Oxwugaemble npeesbl Ha CEIEHHUE TTPOIECCa KBAPKOBOTO CJIMSTHUST
(B mb), yMHOKEHHOE Ha JOJIIO0 MOJHOTO pachaja 3apsizKeHHOro 60o3oHa Xwurcca B
dbunaabHOE cocTosHMIe th, Ogg—p+ X B(H + — tb). penensr npuvennmer Kk 2HDM
Broporo tuna. OQxKujgaemble npeaebl, npuseaéanbie s tan 3 = 1 u tan G > 10
rakzke cupaseiussl g 2HDM Broporo m Tperbero twuia, COOTBETCTBEHHO.

Myt tang < 0.1 tang =1 tan =5 tang > 10
(GeV) e I KOMO. e o KOMO. e I KOMO. e I KOMO.

180 18.3 16.3 12.9 17.7  19.5 14.3 15.5 20.4 13.7 15.5 20.4 13.7
200 10.4 8.7 5.9 12.3 8.4 6.3 12.7 8.2 6.5 12.7 8.2 6.5

220 5.2 4.1 2.9 5.7 3.9 3.0 6.3 3.8 3.0 6.3 3.8 3.0
240 3.6 3.6 2.3 4.1 3.8 2.4 4.6 4.0 2.6 4.6 4.0 2.6
260 3.7 6.3 3.0 3.7 7.8 3.0 3.7 8.9 3.0 3.7 8.9 3.0
280 3.7 8.8 4.0 3.9 8.7 4.2 4.1 8.7 4.5 4.1 8.7 4.5
300 4.0 9.0 4.5 4.0 9.6 4.7 4.1 10.0 4.9 4.1 10.0 4.9

Tabauma 3.5: HabiroaeMble [pejiesibl Ha CeYeHue IPOLecca KBaPKOBOIO CIMSIHUS
(B m6), yMHOKEHHOE Ha JOJI0 MOJHOTO Pacnaja 3apsiZKeHHOro 06030Ha Xwurcca B
dbunansuoe cocrosguue th, o4y g+ X B(H T — tb). IIpenens! npuvennvbl K 2HDM
BTOporo Tumna. Habmomaemblie pesensl, npuBeaénubie qidg tan § = 1 u tan 5 > 10

rakzke cupaseusbl g 2HDM Broporo u tperbero tuiia, COOTBETCTBEHHO.

CpaBHeHHEM BEpPXHHX IIPEIEIOB HA 0 X B, MOJIyIeHHBIX /I 0K IaeMOr0
ceuenns curuana B pasianuneix 2HDM, uckaodaoTes 001acTi B IMJIOCKOCTH
My+ vs tan 8 (2HDM nepsoro u Broporo tunos) u B mwiockocru My+ vs €
(rperbero tuna). Puc. 3.9 qeMoHCTPHpYET HCKIIOYEHHBIE STHM aHAJIU30M 00~
sgactu. Hukakoe 3nadenne tan [ menbine 100 171st Mogesieit BTOporo Tura, He
uckao4deHo /s Mozeneit BToporo Tuiia HeT orpaHHYeHuil Ha 3Ha4UeHus tan (3
menbine 100 110 npuvmHe a) TOTO, YTO UCKIIOUEHHBIE 00JIACTH JIeZKAT BHE TIpe-
JIEJIOB CLIPABE/JIMBOCTH aHAJIN3a U 0) MCKJIIOYEHHBIE 00JIACTH TEOPETHYECKH
HEJIOCTYIHBI U3-3a HECIIPAaBeJINBOCTHA T€OPUU BO3MYyIeHni B Hux. [Ipepcras-
JIEHHBII aHAJIN3 HE YYBCTBHUTEJIEH K 001acTsiM (ha30BOro MPOCTPAHCTBA B MO-
JeJIIX BTOPOTO THUIA, OMUCAHHBIX B [98], rie mupuHa paciaia 3apsizKeHHOTO
bo3ona Xurcca oxKugaeTcs uMeroreil 3uadenne Menbire 100 ['9B.
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3.4 OcHOBHBIE Pe3yJbTATHI TJIABBI

B nannoit riaBe mpejicTaB/ieH dKCIEPUMEHTAJIbHBIM aHaIN3 MO TOUCKY 3a-
pazKeHHOro 6o30Ha XHUrcca B IpoIeccax KBapKoOBOro ciaugnud qf — HT,
PEKOHCTPYHPOBAHHOTO 13 (DHHAJBHOTO COCTOSHHS th B 00JaCTH 3HAUEHMIL
mace 180 < mpy+ < 300 ['sB. Mbl BuepBbie ycTaHOBH/IU IIPEJIE/ibl HA Ce-
YeHUue POKJEHUs 3apsizKeHHOro 0030Ha XHICCa, YMHOXKEHHOE Ha JIOJII0 €ro
pacraga B (BUHAIBHOE COCTOsTHME th IJIst Momeseli ¢ ABYMst XHUTCCOBCKIMHE
ny6aeramu (2HDM) mepBoro, Broporo u Tperbero Tumos. [lis Mozeseil BTo-
pPOTO THUIla UCKJIIOUEHHBIX 0OJIacTell He BBISBJICHO aHAJIU30M, HO HEKOTOPBIE
obmactu B wiockoctu Mp+ vs tan § 6puin uckmouens! g 2HDM nepsoro
tuna. Jlanupiit aHa/ M3 He 9yBCTBUTEJIEH K 00/1acTsiM (Da30BOTO IPOCTPAHCTBA
B MOJIEJISIX TPEThero TUlla, B KOTOPhIX MUPHHA 3apPIKEeHHOTO 0030HA XHUTTCA
IpecKa3biBaeTcsd uMerornieil 3nadenne Menbine, deMm 100 ['9B, ciemoBaTennb-
HO, OTPaHMYEHUl Ha IMapaMeTpbl MOJe/eil TPeTbero THIA TaKKe He MOZKEeT
OBITH MOy YEHO.
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%‘ D Excluded region 2HDM Type |
O, |:| Region where analysis is not
190 valid (', > 50 GeV)
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Puc. 3.9: Uckmoudnnbie obsactu B miockoctu tan 3 vs M, aas 2HDM nep-
Boro Tuna. Anayms He pyHKIuOHAJEH B obstactu ' g+ npesbimatomnieit 50 '3B.

70



I'1aBa 4

HeifiTpasbHble TOKI, MEHSIONITE
apomat kBapkoB (FCNC) B
poleccax PoxKJIeHUs TOM-KBapKa

4.1 IlocranoBka 3agadun.

OpHoit u3 hopM aHOMATBHBIX TAPAMETPOB, OTJUYHBIX OT MTAPAMETPOB B3au-
MOJIeiCTBHUSI TON-KBapKa ¢ apyruMu dactunaMmu B CM saBigroTca HeATpaIb-
Hble TOKH, MOryimume MeHsTh apomar kBapkos (Flavout-Changing Neutral
Currents, paisee - FCNC). Ha puc. 4.1 npejcrapienbl guarpaMMbl OCHOB-
HBIX TPOIECCOB PoXKaeHus Ton-KBapkoB Ha kosuiaiiigepe TEVATRON - s-
KaHAJIBHOTO 1 t-KaHahHOTO. Kak pas mporecc B t-KaHa/e MOYKeT COBEPIIATh-
cst wepe3 FCNC, mytém oomena Z-6030H0M, OTOHOM (7y) WITH TITFOOHOM, KAk
IIOKa3aHo Ha puc. 4.2.

Besimauna FCNC-B3aumogeiictBust onpejiessiercss napamerpom k. Xorst
Takue B3auMojeiicTBust moryT npoucxogutbh 1 B CM B HeT/ieBbIX HONpaB-
KaX BBICOKOTO TMOPsiIKa TEOPUU BO3MYIeHuil 3pderT nx Kpaiine maJj, 9T0-
Ob1 ObiTh HabMOMaeMbiM|54]. Ha MOMEHT ommchiBaeMOro B 9TOii IylaBe aHa-
mu3a (2006 r.) cymecrBoBaan orpanudenuns Ha FCNC mporeccsl, mporeka-
omuye mocpeacrsom oomena ¢oronamu u Z-6o3oHamu. CDF-3kcrnepument
YCTAHOBUJI OTpaHWYeHHs Ha CJIeyone Kanaabl pacnaga va 95%C. L. [55]:
B(t — qy) < 0.032 u B(t — ¢Z) < 0.33. L3-sxcnepument Ha LEP ycrano-
BT mpsivble orpanmdenus ga FCNC-mapamverpst: k. z < 0.4 [56] u3 anann-
3a POXKJEHUsI W Paclajga OJMHOYHBIX TON-KBapKoB; ZEUS skcmepumeHT Ha
HERA ycranosun orpanmdenns k, < 0.174 ma 95%C. L. [57|. Ho FCNC
HPOTIECCHI, TPOUCXOSIINE TOCPEJICTBOM OOMEHA TJIFOOHAME, HPAKTUIECKHU HE
MCCJIe/I0BAJIUCE; CYIIECTBYET TOJBKO Pe3yJbTaT (DEHOMEHOJIOTNIeCKOTO aHa-
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L. w

Puc. 4.1: InarpaMMbr 0CHOBHBIX MPOIECCOB POYKIAEHNST OAUHOYHBIX TOM-KBAPKOB
ua xosnaiimepe TEVATRON B Cramgaprroit Moesu; cyieBa - S-KaHATBHBIH TTpo-

1ecc, CrpaBa- t-KaHaJIbHBIN.

u,c t uc t
Pwuc. 4.2: TnarpaMMbl, TpeICTaBISIONIHE TPOIECCHI POXKIEHNS TOM-KBAPKOB I10-

cpeacrsom FCNC, cieBa - uepes obMen Z-6030H0M 1 POTOHOM, CIIPABA - Yepes 00-
MeH TJTI0OHOM; k - mapamerp, onpeensioniuii sequunny FCNC-p3aumomeiicTeus.
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mmza: ky /A < 0.4 TeV ™! [58],ucnonb3osasmero gannsie HERA.

B 3700t r1aBe ONUCHIBAETCS SKCHEPUMEHTAJIBHBINA aHAJIN3 110 OUCKY apO-
MATOMEHSIONMX HEHTPAJbHBIX TOKOB B t-KaHAJIBHOM HPOIECCe POZKICHUS
TON-KBapKa, MPOXOISIINX TTOCPEACTBOM TJIIOOHOB. JlaHubIil anagns ObLI mpo-
Bejsien B 2006 1. ¥ BKJTIOUMIT B ceOsg 0OpabOTKY JaHHBIX, coOpaHHbIX ¢ 2002 1m0
2004 rr. merekropom DO komnaiinepa TEVATRON. PesyabraTroM mgaHHOrO
aHaJIM3a, SBUJINCH OIPAHUYEHUsI HA napaMeTpsl, onpeesionue cury FCNC-
p3anvozeiicreus: kS /A < 0.15 TeV " u k¥/A < 0.037 TeV~'. Sro nepsore
orpannuenus Ha FCNC-mapamerpbl 11 TVIIOOHHBIX BEPITUH OT aJIPOHHBIX
KOJLTaiiTIepoB U caMble CHUJIbHBIE Ha TOT MOMEHT. /laHHAs 9acTh JUCCEpTAInN
basupyerca Ha paborax [9]-[10].

4.2 DeHOMEHOJIOTUS HPOIEeCCOB POXK JAEeHULd O11-
HOYHBIX TOI-KBapKoB mocpeactBoMm FCNC.

Ectb nemstii kinace mogesneii, B koropsix FCNC mezk 1y Ton-kKBapkamu u u(c)-
KBapKaMM, IIPpOUCXOoAdHIiue IHOCPEACTBOM I'JIFOOHOB, MOI'yT 6bITb 3HAYUTEJIb-
HOIl BEJIMYUHBI - HALIPUMEP, MOJIE/IM ¢ MHOTUMH XUTITCOBCKUMHE JybJjieTaMu,
TaKUMH, KaK B CYHE€PCUMMETPHYHBIX TEOPUIX, TEOPUAX C HOBBIMHU JIMHAMHU-
YeCKUMH B3aUMOJEHCTBUIMU TOI-KBapKa, TEOPHSX, B KOTOPHIX TOI-KBapK
SIBJISIETCS COCTABHON JacTurieir mim uMeeT cTpykTypy conutona. Ho FCNC-
KOHCTAHTBI MOT'YT OBbITh lTapaMeTPU30BaHbl B MOJIE/JIbHO-HE3aBUCUMOiT (hopme
¢ ToMOIIHI0 3(PHEeKTUBHOIO JIarpaHKUAHA:

kf r v A a

KgSfO' thHV (41)
rae A-macmrab wHosoil dusuku (nmopsaxa 1 TeB) f = u(c) xBapk, ky ompe-
JeageT Benuauny tgu umm tge Koucrant u G, - KaIMOPOBOYHOE TEH30PHOE
noJie riaooHa. Cedenne pozxK aeHus OAUHOIHOrO Ton-KBapkKa depe3 FCNC mpo-
MOPIMOHAJIFHO, KaK BUIHO n3 4.1, KBaJpaTy BeJTMINHBI %f

Cpeau Bcero MHOIroo0Opasmsl MOMIPOIECCOB POXKIEHUS TOI-KBAapPKOB IIO-

cpeacrom FCNC ¢ rmroonamu (Bcero ux 48 Jiist u-KBapKa U CTOJBKO ¥Ke JIJIst
C-KBapKa) MOYXKHO BBIJIEJUTD 4 PA3IUUHBIX, BEIYIUX K (HDUHATLHOMY COCTO-
SIHUIO, COJIep KallleMy TOI-KBapK M OJIHY CTPYIO, HoJIponecca. dro 31o 3a
CTPpy4d - 3aBUCUT OT HAYAJIBHOTI'O COCTOAHUA CUCTEMBbI:

cq(q) — tq(q), cg — tg, q(q) — tc, gg — tc. (4.2)

MpbI Takke paccMaTpuBaeM MOJI0OHBIE MPOIECCHI, TOJIYYAIONInecs U3 Tepe-
YHUCJIEHHBIX IIYTEM 3aMeHbl C-KBapKa Ha U-KBapK, a TaKxKe 3apsI0BOCOIPSI-
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»kéuubie. [lomydarorieecs B pe3yibTaTe cedeHne MozKeT OBITh Ha MOPSIOK BBI-
e, yem NLO CM-cevenne oauHouHOro pozxaenus ron-ksapkos (0.88 +15%
6 gya s-kanasna u 1.98 + 16% n6 ansa t-kanasia). 910 MOXKHO BUIETH U3
tab. 4.1, reMoHCTpupYyIOnIero BeruncaeHnse ¢ momoribio CompHEP ceyenns
poxKaeHus Ton-KBapkos depe3 FCNC, a Tak»ke ero mupunbl pacuajia. Bumamo,
gro ang FONC-xkoncrant, menpmmx 0.2 ToB~! pimanne FCNC nma mupuny
pacmaja Tona npeHedpekuMo MaJjio; TOIN-KBapK mo-mpezxueMy, kak u B CM,
NperuMyIecTBeHHO pacia iaerca Ha Wnu b-kBapk.

Ceuenus [n6]
tgc tgu

ot)yxB o(t) | ot)*B o(t)
Kew/N [TeVTL | Ty [GeV]
0.01 1.56 0.005  0.045 | 0.098  0.882
0.03 1.56 0.05 0.45 0.88 7.92
0.07 1.56 0.27 2.40 4.73 42.61
0.11 1.58 0.65 5.86 11.64 104.78
0.19 1.62 1.90 17.14 | 33.96  305.64

Tabsmuna 4.1: Ilupuna pacnaga TON-KBapKa, €ro Ce9eHue POXKICHUS W CeYeHue
POXK/JIEHNs, YMHOKEHHOEe Ha COOTBETCTBYIOIMHUI KaHaa pacmnaga g t — Wb —
lvb,o(t) * B, B pp croskuosenusx npu /s—1.96 TsB, nocunranusie 8 CompHEP
" YMHOYKeHHBIE Ha K-(akTop, pasubiil 1.6, gas noaydenust NLO-pesyasTara.

4.3 Jletajaum mMpoBeAEHHOTO aHAJIMN3A.

4.3.1 Crparerus aHaJn3a

B nannom anasm3e Mbl W3ydaeM COOBITHS, B KOTOPHIX OJWHOYHBIN TOM-KBAPK
pacuagaercs B b-kBapk u W-6030H, KOTOpBIil, B CBOIO 0Yepe/ib, PACIIaIaeTCs
no senronnomy kanany (W — ev, uv). CobeiTuiinast cTpyKTypa 3/1€Ch Ta-
KOBa - JIEHTOH B COOBITUH JIOJIZKEH UMETh OOJIBIION MOIEePEedHbI UMITYJIbC, B
M00ABOK K 9TOMY HAOJIIOaeTcs GOJIbINast BeJIMINHA, TIOTePSIHHOI SHepruu (0T
HEHTPUHO); YTO KacaeTcst CTPYil - UX JOJIZKHO OBITH 1O MeHbINel Mepe JBe,
U OJIHA U3 HUX JIOJZKHA OBITh OT b-KBapka (U3 pacimaja Toma), a jpyras -
OT ¢- WIN U-KBapKa, win oT TooHa. POHBI ¢ HANOOIBITUM BKJIAIOM B JTaH-
Hy10 curnarypy ciaejyomme: CM-uponeccot WHcrpyn n naphoe poz/ieHue
TOI-KBApKOB tt, Ipolecchl POKIeHus: oJuHodHoro Ton-ksapka B CM - kax
S-KaHAJIbHBIN, TaK ¥ t-KaHAJbHBIN - U MTPOIECCHl C TAPHBIM poXKIeHueM 60-
30H0B. O6bLeKT Hammero u3ydennd - 230 o6~ JaHHBIX; Mbl HCIOJIL30BATH Te
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JKe 3HAUeHUs JJIs oTOupaeMbix cobbiTuil (Tad. 4.2) u Toxke (HOHOBOE MOIE-
JIMPOBAHKE, YTO M B CTaThe 10 OJuHOYHOMY Ton-KBapkKy B DORun II [40].
[Iporecent poxaenust oguHouHOrO Ton-KBapka B CM B [40| Gbliin curHasb-
HBIMH IIPOIECCAMU, B JIAHHOM K€ aHaJIU3€ STH IMPOIECChl PacCMaTPUBAIOT-
ca Kak onowie. g mogeupoBanus curtaibHoit FCNC KuHeMaTuku Mbl
ucnoab3oBaan reaeparop CompHEP; co3nanubie B HEM cUTHATbHBIE COOBI-
T ObLIM 3aT€M IIPOIYIIEHBl 9€Pe3 HOJHYIO MMOC/IeI0BATEIbHOCTD MOC/Ie0-
BaTeJbHOCTH D) porpaMM PEeKOHCTPYKIMU W CUMYJsiiun. Mbl pasmennin
JTaHHBIe HA HE3ABUCHUMbBIE JJIsI aHAJIN3a YACTH, OTINYAOINAECST M0 (HDUHAIb-
HOMY COCTOSTHHIO (3s1eKTpoH Jubo MiooH). T.k. curnanpusie FCNC mporeccst
HMEIOT TOJIBKO OJINH b-KBapK (M3 pacmaja Tomn-KBapKa) B (bUHAILHOM COCTOSI-
HUU, Mbl PACCMATPUBAEM COOBITHS C €JIMHCTBEHHOI b-TIrMPOBAHHOM CTPYEQ.
[ToBeenne HaOJIIOIAEMBIX JAHHBIX XOPOIIO COTJIACYETCsl C MPEICKA3AHHBIM
CM, caemoBaTe/ibHO, MBI MOZKEM YCTAHOBUTH OUPAHWYEHUs] HA TTAPAMETPHI,
onpeenstomue cuty FCNC-p3anmoneiictsuii - koncranrsl k./A u k,/A - ¢
MIOMOTIIHI0 MYJTBTHBAPUAHTHOTO JUCKPUMHUHAHTA, UCIOJIb3YEeMOTO B HEHpOH-
HBIX CETSIX.

e+crpyn n+crpyn
Jlenron Er >15T5B pr >15T5B/c

In| <1.1 In| <2.0
[orepsinnas Ep 15 B < Fp < 200 I'sB
Crpynm 2-4 crpym, Er >15 T'sB, |n| <3.4

Ep(1-s crpyst) > 25 T'9B, |n(jetl)] <2.5

b-ctpywu =1 (SVT auropurm)
Habnawonaembie cobbiTus,
MPOTIIEITHe OTOOD 134 118

Tabnumna 4.2: IlapaMeTpsl BBAEAIEMBIX COOBITHIA.

4.3.2 MonaemupoBanue (pOHOBBIX COOBITHUIA.

Kaxk yka3aHo BbIIlle, Mbl HCIIOJIb3YEM T€ YK€ TEXHOJOTUN MOJIeIUpOBaHus (o-
Ha, uro u B [40]. IIporeccsl pokKIeHNs OJUHOTHOIO TOI-KBapKa, PacCMaTPH-
BaeMblIe 3/1eCh KaK (DOHOBbIE, TaKkzKe ObLIH co3aabl ¢ ToMoribio CompHEP|38]
; S-KaHaJbHBI (th) n t-KanabHbIH (tgh) MpOIECCH POXKIEHHST TON-KBAPKOB
6 HopmupoBanbl Ha NLO-cedenust 0.88 6 u 1.9 16 coorBercrenno [46].
@on tt(menToHbl €O CTPYSMH U JIUJIENTOHBI) ONEHUBAJCS C IIOMOIILIO Ha-
6opos MK-cobeiTuii, co3manubx ¢ nomomibio reneparopa ALPGEN|91], u
nopmupoBanabix Ha (N)NLO ceuenne o(tt) = 6.7 n6 [45]. Poubl ¢ aByMst
CM-6oz0onamu (WW u WZ) B dunaibHOM COCTOSHHU MOJEIHPOBAJIUCH C
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nomotnbio ALPGEN, n Habop cobpaHHbIX cOObITHI HOpMEpoBaica Ha NLO
cedenue, nojcaurantoe ¢ nomoiipio MCFM [43]. @opmbl pacupejeienuit
douna W+crpyn onenuBasucsd ¢ nomonipbio ALPGEN, HO noHbIiE HAGOD CO-
ObITHII HOpMEPOBaJCcs Ha JaHHble. COOBITHS IPOIECCOB C POXKICHUEM TSIZKE-
7erx kBapkos (Whb) Gbimm mosydensl ¢ menomb3osannem orTHomrerns NLO-
cedenns mas dora ¢ W-6030HOM I J6rKuMu cTpysamu u Whb, Kak omucano B
|59]. HopmupoBka Ha jaHHBIE TAKZKE OCYIIECTBISUIACH JJIsi MAJIBIX BKJIAJIOB,
TaKUX, KaK ¢ COOBITUSIMHE € Z-0030HOM U JIETKUMU CTPYSMU, B KOTOPBIX OJIMH
u3 JIENTOHOB OT Z-0030Ha He pekoHcTpyupyercsa. PoH 0T MHOTUX CTPYil ore-
HUBAJICA C HCIOTb30BaHUEeM HAOOPa MAaHHBIX, KOTOPBI HAPYIIaeT HEKOTOPbIe
TpeOOBaHUs JIENTOHHON WAEHTUMUKAIINH, HO YIOBIETBOPAIOT BCeM KPUTEPU-
aM B 1a0. 4.1, upu nuzmenenuu Kpurepus jijis fp na obparubiit: Ly < 15 ['9B.

4.3.3 MozaeanpoBaHue CUTHAJbHBIX COOBITHUIA.

MpbI creHepupoBaIn CUTHAIbHBIE COOBITUS - MPOIECCHI ¢ POXKIECHUEM OTUHOY-
Horo Ton-kBapka mnocpeacrsoM FCNC - ¢ momompio CompHEP[38], 3aTem
qutst yaéra, NLO-onpaBok yMHOXKMJIM TOJIydeHHbIE cedeHust Ha k-dakrTop,
pasubiii 1.6 [60]. st nck/rouenns: CHHIYJISIpHOCTEl, BOSHUKAIOIINX TP KB/~
PUPOBAHUU MATPUYIHOTO JIEMEHTA, ObLIU IIPUMEHEHBI HEKOTOpPbIe 00pe3aHus
Ha MapTOHHOM ypoBHe (cM. metanu B [10]). Ilpu renepanun curHaJIbHBIX CO-
OBITHI UCIOTB30BATUCH TTapaMeTPhI, puBeaéHHbIEe B Ta0. 4.3. Tak Kax cede-
HUs poxKeHus TOn-KBapkoB mnocpegactsom FCNC npomnoprunonaaibHO KBaJI-
pary mapaverpa k/A u npucyTcrBHe aHOMAJILHBIX IIAPAMETPOB OKA3bIBAET
IpeHeOPeKNMO MaJIoe BAUAHKME HA 3HAYEeHHe MUPUHBI PAcIajia TOI-KBAPKOB
(cM. Tab. 4.1) ana 3Havenuii sToro napamerpa, Menbmmx 0.2 T3B!, senuu-
ua o(t) * B(t — Wb — lvb TakyKe mpomopIiuoHaIbHO KBaJIpaTy IapaMerpa
k/A. CienosaresibHO, MBI MOYXKEM CMOJIEIMPOBATH KHHEMATHKY CUTHAJIBHBIX
MPOIECCOB W TOJIYYUTH AKIENTaHC JiIsi Ha0Opa CUTHAJbHBIX COOBITHI JIJIsT
KaKoro-uuOy ib 0J{HOTO 3HaueHust k/A u npomacmrabupoBaTh X Jist J060r0
JPYTOTO 3HaYeHHd mapaMerpa, Menbinero 0.2 TsB~!. Mul BoiOpasm 3HadeHne
k/A, pasnoe 0.03 T>B~! 8 CompHEP aya MoennpoBaus CUIHAIBHOM KH-
nHematuku u cresepupoBasin 10000 coObiTuii jijisi KarkK/J010 CUTHAJIA - OJUH
CUTHAJIbHBIN HAOOD I tgc mporecca, B KOTOPOM 3HadeHue k, ObLIO HyJe-
BBIM, JIPYTOit - JJIs1 tgu TpoIecca, B KOTOPOM 3HadeHue k. ObLIO HYJIeBBIM.
CobbITHS Ha TAPTOHHOM YPOBHE - KaK BCE IIPOIECCHI ¢ POXKICHUE OJIMHOY-
HOTO TOII-KBapKa, pacCMaTpUBaeMble B aHAJIN3€, TaK U Bce (POHOBBIE MPOIEC-
col - tt,, mponeccot ¢ W-6030namu - Obuiu 3arem o6paboranbt B PYTHIA[47|
Jutst (pparMeHTaI, aJPOHU3AINNA W MO/ICTUPOBAHUS APOHHBIX OCTATKOB
¢ ucrosb3oBanneM GyHKunu pacrnpenenenns naprouos CTEQS5L [61]. TTpo-
rpammubiil naket T"AUO LA [62] ucnioib30Basicst Jjisi pacnaioB Tay-JenTOHOB
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ITapameTp BriOpanHoe 3HaYeHUe
CrpykTypHbIE (DYHKIHH CTEQG6L
QCD-scale My
M, 175
my 4.85

Tabsmna 4.3: 3nauenns mapamerpos reneparopa CompHEP, ucnonbsyempix mpu
reHepanun CUrHAIbHBIX coObiThil mia FCNC.

n EVTGEN|63] nas pacnagos B-agponos. Bee cosmanubie cobbITHSI TPO-
IYCKAJTHChH Yepe3 IpOrpaMMbl CUMYJISIAA U peKoHCTpyKnuu DO-nerekropa,
basupyromuecsa na GEANT.

4.3.4 CobpaHHBIE COOBITUSA

Komuuectso cobpituit aia curaanos FONC ¢ k/A = 0.03 T3, donos u
JIAHHBIX IOCJIe MIPOXOXKIEHUS UX BCeX KPUTEpHeB 0TOOpa MoKa3aHo Ha Tab.4.2
JIJIS 97IEKTPOHHOTO U MIOOHHOT'O KaHaoB. MbI HAILIHA, 9TO B 0O0MX KaHAJIaX
HAOJII0[aeMO€e KOJIMIECTBO COOBITUI COTJIACYETCs C IPEJICKA3aHHBIM TAKHUM
KoJImaecTBOM coObiTHit n3 (poroB CM, ¢ yaéTOM CTATUCTHYIECKUX HEOTIPE Ie-
séanocTeit. CorstacoBanue MOXKeT ObITb TaK:Ke BHJIHO U B MHIUBHU/YAJIbHBIX
sUeiiKaxX HEKOTOPBIX KHHEeMATUIeCKUX pPacIpe/ie/IeHuil, TPUBeIEHHBIX HA PHC.
4.3-4.5, na xoropwix curian FCNC (¢ k/A = 0.03 Tsp™!' u yMmHOMNKeHHBIIT
na 10) cpasuuBaercs ¢ donavu CM u jmaHHBIME I CKOMOMHHUPOBAHHBIX
97eKTPoHHOro 1 MooHHOrO Kanaaos. Curnan FCNC Bkiouaer B cebst HaOOP
coOwITHit W3 000WX tgc m tgu TMpoIeccoB, cymMMma ke (pOHOB BKJIIOYAET B Cebst
MPOIECCHI ¢ OJUHOYHBIM Tol-KBapkoM B CM u mokazana Ha ypoBHe £1o or
VDPOBHSI CHCTEMATHYIECKUX HeompeenenHocreil (onuchiBaeMbix B 4.3.7). M,
CJ1€10BaTeJIbHO, MOXKEM liepeiiTu K 1poueype yCTaHOBKU OIDAaHUYECHUN Ha
FCNC-napamerps! ky./A. Ho cHauasia Mbl CKOHCTPYHPOBAJIM MyJIbTUBADH-
AHTHBIN JIUCKPUMHWHAHT C UCHOJIH30BAHUEM HEIPOHHBIX ceTeil, mpearaio-
Uil HAWTydInee pasjejaeHne CUIHAJIbHBIX U (DOHOBBIX COOBITHII.

4.3.5 Pazgendroiine nepeMeHHbIE U Pe3YJIbTaThl HENPOH-
HOW ceTu

Mt Beibpasu 19 nepemennbix, Hanbosee 161ko pasessionux FCNC-curnast

u caepyionue gpoHosble nponecchl: W+crpyu, tt u CM-1poneccsl ¢ 0auHOY-

HBIM TOTI-KBAapPKOM. TakzKe Mbl PaCCMOTPEIN JUCKPUMUHAHT HEHPOHHON ceTH
u3 [40|(nouck Tom-gBapkoB CM) Kak BO3MOZXKHbIE BXOJSINNE HEPEMEHHBIE B
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2 DO Run Il Preliminary, 230p6 2 DG Run Il Preliminary, 230pb'|
2 sol -e-Data 2 sol -e-Data
E ~— Background sum E ~— Background sum
@ —FCNC (x10) @ [ —FCNC (x10)
40 40—
20| 20—
0 D | 1 L
% 50 100 150 200 22 ] 2 4
P.(lepton) [GeV] 7 (lepton) [GeV]
= 40 D@ Run Il Preliminary, 230pb’ = [ D@ Run Ii Preliminary, 230pb’
2 ~e-Dat 2 oo ~e-Data
€ ~—— Background sum € k — Background sum
2 30- o 2
& —FCNC (x10) & —FCNC (x10)
401~
20—
10 + 20y
| I |
o -2 [ e 50 100

2 150 200
(lepton) Missing Et [GeV]

Puc. 4.3: Pacnpenenenns 1o momnepednoMy MMITY/IbCY JIEIITOHA, TICEBA00BICTPOTE,
A3UMYTAJBLHOMY YIUIY ¥ TIOTEPSIHHOM SHEPruu OT HeHTprHO Jyia JaHubX, CM-donos

u FCNC-curnana (pacupegpenenus jysi FCNC-curnasa pis y06cTBa yMHOKEHDI
Ha 10).

=2 L D@ Run Il Preliminary, 230pb’ =2 "c, D@ Run Il Preliminary, 230pb’|
2 s0 -e-Data 2
k3 E ~ Background sum E r ~— Background sum
3 2 60|
& —FCNC (x10) & —FCNC (x10)
% 50 100 150 200 % 50 100 150 200
P_(jet1) [GeV] P, (jet2) [GeV]
% D@ Run Il Preliminary, 230pb | % [ D@ Run Il Preliminary, 230pb’|
S g0 —e-Data S go- —e-Data
E ~—— Background sum E L ~—Background sum
] ——FCNC (x10) o i ——FCNC (x10)
40
ot
0( 50 100 q 50 100

150 200 150 200
P (jet3) [GeV] P (jetd) [GeV]

Puc. 4.4: Pacupesenennsi 1o IMONEPEYHOMY HUMIIYJIbCY YeTBIPEX JIUIUPYIOIIIX
crpyit g panaeix, CM-donos n FCNC-curnana (pacnpegenennss nns FCNC-
curHasia Jis yaoocrsa ymMHOXKeHbl Ha 10).
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D@ Run Il Preliminary, 230pb’|
—e-Data

DO Run Il Preliminary, 230pb’”’
—e-Data

Events
s
o
T
Events
@
7

350 + Background sum £ Background sum

—FCNC (x10) 25§ —FCNC (x10)

| | i
100 150 200 250

50 150 0 300 350
M_T(W) [GeV] M(W,jett ..o ) [GeV]

= D@ Run Il Preliminary, 230pb"
—e-Data 30 —e-Data
£ Background sum E £= Background sum
0 —FCNC (x10) 25 —FCNC (x10)

D@ Run Il Preliminary, 230pb”

Events
Events

‘POO 150 200 250 300 350 ﬂ:o 200 300 400 50/ 600
H_T(all jets) [GeV] § [GeV]

Puc. 4.5: Pacupeesnenus o nomepednoii Macce peKoOHKTpyupoanuoro W-6030Ha,
MaCChl TOI-KBapKa, PEKOHCTPYUPOBAHHOW € MOMOIIBIO b-TSrUpPOBAaHHON CTPyH,
Hp Bcex cTpyil ¥ WHBApHAHTHON Macce KOHEYHBIX COCTOSIHUI (JIemToHa, moTe-
psiHHON 3Hepruu Ep v Juaupyomumx 49erbipéx crpyit) auas ganabix, CM-donos
u FCNC-curnana (pacupenenenns jyiss FCNC-curnama g y1o6cTBa yMHOKEHDI
ma 10).

HACTOSIIEM aHajIn3e, TaK KaK dTU IepeMeHHbIe yzKe OUTHMHU3UPOBAHDBI JIJIs
pa3jejieHusi CUTHAJIA ITPOIECCOB, MOM00HBIX TPOIeccaM C POXKIECHUEM OJIH-
HOYHOI'O TOI-KBAapKOB OT (DOHOBBIX mponecco Tuna W+crpyu u tt. V3 Ha-
JaJbHOI0 HAOOpa IepeMeHHBIX MbI BBIAEJIIN pa3/JIMYHble I0JIHAOOPHI, Ha-
TPEHUPOBATN HEHPOHHYIO CeTh W TMOJACUYUTAIN OKUJTAeMble TPeIes bl ¢ UC-
noJib3oBanneM baitecoBckoro 1mo/ixo/a, 00Cy K/ 1aeMoro JjaJjee, Jijisi TOro, 9To-
OBl BHIOpPATH HAMJIYYIIINE TIepeMeHHbIe, MAaCKUMAJIbHO OTPAKAIOIINe Pa3HUILY
currana u ¢ona. Mel ucnonb3osamu M LPFIT|[53] ans weiipoHHbIxX ceTeit
C OJTHUM CKPBITBIM W OJJHMM BBIXOJIHBIM ypoBHeM. [Ipm TpeHmpoBKe HeitpoH-
HOiT ceTn cymma tgc u tgu TMPOIeccOB paccMaTpUBAIACh KaK OOIIMIT CUTHAJ
M3-33 CXO/ICTBA (DUHAIBHBIX COCTOSIHUI STHX MPOIECCOB (ITO UILIIOCTPUPYIOT
puc. 4.6-4.8), a cymma Bcex CM-nporecco - kak don. IIporecchr B Kax-
NoiT cyMMe B3BeNTeHBl OTHOCHTEIBHO WX BKIaA0B B 230 m6~ ! mammwerx. Jlas
IOACYETA OXKUIAEMBIX IIPEIEJIOB Mbl HCXOAUM U3 daKTa, ITO HADII01aeMble
JIAaHHBIE COTJIACYIOTCS C MpeIcKa3aHuaMu (hOHOBOI MO N B KazK/I0i sueiike
JUCKPUMUHAHTA BbIXO/Ia HEHPOHHON CeTu.

[IpuBenénnasi BbIlIe ONTUMUBAIMS JIJIST BHIOOPA BXOIHBIX IEPEMEHHBIX
JJTs1 HepOHHOI ceTn nmpoBeieHa (1) TOJIBKO I 3JIEKTPOHHOTO KaHasa, TakK
KaK KHHEMATHKa MOXOXKas JJIg 000MX JIENTOHHBIX apoMartoB (e u f), (2) ¢
HCIOJIb30BAHUEM Y/IBOEHUS KOJUIECTBA CKPBITHIX HOM U (3) Ge3 yuéra Jio-
ObIX cucremaTndeckux 3P@PEKTOB B MOJACUETE MPEJIEIOB - € HEJbI0 yBeJrde-
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HUS CKOPOCTHU. JleTanmm onTuMU3UPYIONIei TpOoTe/yphl MOYKHO TOCMOTPETh B
[10]. Bouio naitneno, uro caegytomme 10 nepeMeHHbIX, IPUBEIEHHBIX B TA0.
4.4, obecrieunBaIOT MaKCUMaJIbHO P dekTuBHOE OTjIe/IeHre curnaga ot ¢o-
Ha. Pacnpenesienns mo 3TuM JecATH mepeMeHHbIM IPUBe/IeHbI Ha puc. 4.9 ais
CUTHAJA U HEKOTOPLIX (oHOB. POHBI ¢ MHOTHME CTDPYSMU He MOKA3aHbI HA
PUCYHKAX TOJBKO B CUJIY JETKOCTH BU3YAJTLHOTO BOCIPUITHS ITUX PUCYHKOB
6e3 srux ¢GHoHoB. B KOHIE KOHIIOB, MBI ONTUMH3UPYEM KOJMIECTBO CKPBITHIX
HOJT TaKyKe JIjIsi Hefipouuoit cetu ¢ 3ruvu 10 mepeMeHHBIMU TyTeM Bapbu-
pOBaHMsI KoJMdecTBa HOM OT 15 10 35 w BuiOOpa HeiipoHHOIt ceTn, aaromiei
HANMEHBIIY0 omuOKy. OnTUMaIbHOEe KOTUIECTBO HOJ, COCTABUIO 22 B JI€K-
TPOHHOM KaHaJie U 28 B MIOOHHOM.

£.1 5 £.1 5
R —FCNC (tgo) E —FCNC (tg0)
2 =
2 —FCNC (tgu) £ —FCNC (tgu)
Soar So01n
© L}

0.05 0.05-

| | i | | .
G( 50 100 150 0 50 100 150
P.(lepton) [GeV] Missing E ; [GeV]

Puc. 4.6: Pacupesenenns 1o nonepedHoMy UMITYJIbCY JIEIITOHA U OTEPHHO SHep-
THMN.

==FCNC (tge) ==FCNC (tge)

4
(%)
I

—FCNC (tgu) L =—FCNC (tgu)

Qrbitrary unitg,
S
T
arbitrary units

o
N
I

0.1

0 | | T
0 50 100 150 200 100 150
P.(jet1) [GeV] P.(jet2) [GeV]

Puc. 4.7: Pacupeenenus 1o nonepeqHoMy UMIYJIbCY JUAUPYIOMEH U Caepy omeit
CTPYH.
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$-25 P18
E T —FCNC (tgo) D16 —FCNC (tge)
£0.2 E
£ —TFCNC (tgu) ?'14: —FCNC (tgu)
H D12
.1 < L
015 0.1
0.1 0'08?
0.06—
0.05 0.04-
0.02F
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0 50 100 150 200 250 QU 50 100 150 200
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Puc. 4.8: Pacnpenenenus mo monepeaHOMy MMIYJIbCY PEKOHCTPYHMPOBAHHOTO W-
6030HA U CUCTEMBI U3 JUIUPYIOIIEH U CJAeIYIONEd CTPYH.

KunemaTnka mHANBUAYATIBHBIX 00bEKTOB
IMonepeunstit uMnysabe guaupyoiei crpyu, pr(jetl)
Homepeunstit nvIyibe AUpYyIomeit moMedenuol ctpys, pr(jetligged)
IcesnobuicTpoTa mentona, 7)(lepton)
Ilorepaunasa sueprus, K
TnobGanbHad KMHEeMaTHKa
IMonepeuwblil UMIYIBC CUCTEMBL U3 JABYX JIMAMPYIOMUX ¢Tpyil, pr(jetl, jet2)
CkasigpHas CyMMa IONEPEYHbIX UMITYJIBCOB CUCTEMbI ABYX Juiupyiomux crpyii, Hp(jetl, jet2)
Tonepeunsrit mmmyabe pekorcTpynposaruoro W-6o3oma, pr (W)
WNnapranTHas Macca PEKOHCTPYHUPOBAHHOIO TOM-KBAPKA,
TOCTPOEHHAST ¢ MOMOIMBIO TUANpPYHOMeit moMedeHHoi cTpyH, M (10D ,g00q) = M (W, jetl
NusapuanTHas Macca Beex crpyit, M (alljets)
VYrioBble iepeMeHHbIE
cos(lepton, jetl) qp

tagged )

Tabsmna 4.4: Crmcok koneunbix 10 mepeMeHHBIX, MCHOIL3YEMBIX B HEHPOHHOCE-
TEBOM aHAaJIA3e.
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4.3.6 Pe3yabTaThl HEIPOHHOCETEBOTO aHAJIM3A.

O kagecTBe pasnenenus curaaga u ¢gona ¢ nomornisio HC, onmucannoii B 4.3.5,
BBl MOzKeTe cyuTh 1o puc. 4.10 - i1 ckoMOnHUpOBaHHOTO KaHaja. Pacipe-
nenennsd HopmupoBanbl Ha 1. Mbr Bumaum, uro Hama HC cnocobua ormendars
cobbituga ocuoBubx douos (W + ,tt) or FCNC curnana. lonosmaurensHo,
nama HC cnocobuna yaosiersopuresibuo otjensars FCNC curaas ot nporec-
coB poxkenusi oaunodHoro torn-kBapka 8 CM. Ha puc. 4.11 mbr nokasbiBaem
pacipe/iesieHne BbIX0/1a HeifpOHHOIT ceTH, HOPMUPOBAHHOE HA CBETUMOCTD JIJIsT
CKOMOMHUPOBAHHOTO KaHaa. CHOBa MBI BUIUM XOPOIIlee COTTTACOBAHUIE MeK-
STy HAOTIOaeMBIMH JTAHHBIMU C JIEMTOHOM W CTPYSIMHU B KOHETHOM COCTOSTHUT
¢ npejickazanusyu poros CM. CiiegoBare/ibHO, MbI IEPEXOUM K HPOIIE/LY Pe
YCTaHOBKH OTpaHWYeHWil HA mapamerpsl, onpejessioniue pejuanny FCNC-
B3auMOJECTBUN.

4.3.7 CucremarndecKue HEONPEaeJIEHHOCTN

HeorpeieiéaHOCTH POUCXOISAT OT JIBYX KJIACCOB cucTeMaTndeckux dhdek-
TOB: TeX, KOTOPbIe MEHSIOT MOJHYI0 HOPMHUPOBKY PAaCIpe/Ie/eHuil - TaKux,
Kak u3mepenue cserumoct 1 MK-cedennii - u Tex, KOTopbie MeHAIOT (POPMY
pacmpejieieHuil - Takux, Kak (a) HOMpaBKa K dHepruu crpyu, (6) Moae/u-
poBaHue TPUITEPOB, (B) b-TarupoBanme, (r) MONpPABKA K IHEPIUU CTPYH U
(1) mpenrudukanus crpyit. HeonpejeaéHHOCTD HHTEIPAJIBHON CBETHMOCTH
cocranasier 6.5%. Heonpenenénnocrs ceuennii Bappupyercs or 9% st ceve-
HUA IBYXOO30HHOTO poXKaeHus 10 16% aas cedenmii porKaeHmii TON-KBapKa
B s-kanase u t-kagage CM n 18% mna tt cobprnii. B caywae FCNC-curmana
MBI uckaodaeM Gakrtop k/A u3 ceveHus u NpUHAMAEM HEOUPEIETEHHOCTD
pasnoii 15% B ocraBmemcst 3Ha4€HUM, OUMPAACH HA BbIBOJbI U3 JUCKYCCUH B
|60] 0 Tom, KaK TeopeTHUECKHe NPEICKA3AHUS 3ABUCAT OT BHIOOpA MacHITadba
dakropuzanuu. Tad. 4.5 u 4.6 WITIOCTPUPYIOT BEJTUUIUHBI STUX HEOTIPEIeIEH-
HOCTeil BMecTe ¢ TeMH, KOTOPbIe 3aTparuBaioT MOJHYI0 HOPMAJH3AIUIO, JIJIs
9JeKTPOHHOIO0 U MIOOHHOT'O KaHaJja cooTBeTcTBeHHO. HeompeaeménnocT Ha-
6opos cobbituii ¢ upomeccamu Whb, Wjj u npomneccoB ¢ MHOIUMU CTPYSIMH,
MOKA3aHHBIE JIJIST MATPUIHOTO METO/Id, MPUBEJIEHBI TOC/e TOACIETa AHTUKO-
PEJUISIIIUT MeZK/Iy dTUMU Habopamu coObITHit. 3amMeTnM, 9TO, Tak Kak (hOH
W+ctpyn (Wbb + Wjj) HOpMuUpOBaH Ha JaHHBIE [epeJ TITHPOBAHUEM, €r0
KOJITIECTBO COOBITUI ONEHUBAETCS KaK IO/ IBEPXKEHHOE TOJHKO HEOIIpe e e H-
HOCTSIM, CBA3aHHBIM C HOPMUPOBKON MATPUYHOIO METO/IA U MOJIETHPOBAHMUS
b-rarupoBanus. Heonpenenéanocru, Mersromnine (popMy pacipeaeaeHuii, Mo-
JIeTUPYIOTCST TIyTEM BapbUPOBAHUSI MOMPABKU K SHEPIUU CTPyH, dPPHeKTuB-
HOCTH TPHUITEPOB, mapaMerpbl 3 dOeKTUBHOCTH HaeHTHdUKanun b-ctpyn Ha
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Puc. 4.9: Pactiipenenenns no BHIOPAHHBIM KOHEIHBIM JIECATH TTEPEMEHHBIM, HCIO Th-
3yeMbIM B HEMPDOHHOCETEBOM AHAJIA3E.
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Puc. 4.10: Pacnpenenenuns seixoga HC, nopmuposannbie Ha 1 gug FCNC-curnana
u (1) doros ¢ MuOormMu crpysvm, W-tcrpyit u ¢t (cmeBa), (2) mpomeccoB poxk-
JIeHUsT OIMHOYHBIX TON-KBApkoB B CM (s-kaHapHOro m t-KanaanHOro) (cnpasa).
Curnasnbubie cobbitus g FCNC Bkr09atoT B cebs BKJIAJbI OT tgC U tgu BepInH;

B t{ BKJIIOYEH BKJIa/Jd 1 OT ABYX 6030HOB B KOHEYHOM COCTOAHUU U OT JICIITOHOB U
crpyit; W+ cTpyu TakxKe BK/IIOYAIOT B cebsi BKJ/IAJ] OT JIByX OO30HOB B KOHEYHOM

COCTOAHUMN.
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Puc. 4.11: Pacupegenenns soixoga HC, HopMupOoBaHHBIE HAa, MHTErPAILHYIO CBE-

tumocth B 230 6 L.
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ILTIOC-MHHYC OIHO CTAHJAPTHOE OTKJIOHEHHE OT HOMHMHAJILHOTO 3HAYEHHS U
[PUJIOZKEHUST U3MEHEHHUH K KHHEMATHKe PA3JIHIHbIX 00BEKTOB (3JIEKTPOHOB,
MIOOHOB, CTPYi#l U TIOTEPSIHHOII 9Hepruu) mepej mponeaypoit orbopa. Iloy-
YEeHHBIE B PE3YJILTATE HEOIPEAeJEHHOCTH /I BCeX A9€eK BBIXO0/a HelipOHHOMI
CeTH W JIJI PA3JIUIHBIX HAOJPOB cobbITHii ciemytomme: (a) 1-16% - u3 mo-
IpaBKu K sHepruu ctpyn, (6) 2-8% u3z momenuposanus rpurrepos (8) 5-13%
u3 MojesmpoBanust b-rarupoBanus, (r) 1-5% u3 paspemienust sHepruu crpyu
u (1) 1-9% u3 naenrudukanum cTpyii.

Heonpepneaérnnocru (%)
tge  tgu  tb  tqb  tHlj  till Wbb Wjj WW WZ Myasra-

cTpyu
CBeTumMoCThb 6.5 6.5 6.5 6.5 6.5 6.5 — — 6.5 6.5 —
Ceuenne 15.0 15.0 16.0 16.0 18.0 18.0 — — 2.2 8.9 —
Jonsa pacnana 2.0 2.0 2.0 2.0 2.0 2.0 — — 2.0 2.0 —
Marpu4Hblil MeTO — — — — — — 4.1 4.1 — — 4.1
OcHOBHAas BepIIXHA 1.6 1.6 1.6 1.6 1.6 1.6 — — 1.6 1.6 —
ID ssexTpona 3.8 3.8 3.8 3.8 3.8 3.8 — — 3.8 3.8 —
@parMeHTays CTPYHU 5.0 5.0 5.0 5.0 7.0 5.0 — — 5.0 5.0 —

Tabsmna 4.5: HeonpegeéHHOCTH, BBIPasKeHHBIE B TPOIEHTAX, 11 HOPMUPOBOY-
HBbIX 3(PEKTOB B 371eKTPOHHOM KanaJje. HeornpeieméunocTu, mokazanHbie Jj1si MaT-
PUYHOTO MeTO/Ia, IPUBEJIEHBI TOC/Ie 1OICuéTa anTuKopesuisiun mexx ity Whb, Wiy
MIPOITeCCAMM U MPOIeCCaMU ¢ MHOTHMU CTPYSAME; HEOIPEeIeTEHHOCTH, TOKA3aHHBIE
JLIs Cedenuii CurHasibHbIX coObITHil (tgs u tgu ), NpUBEJIEHbI ISt CeUYeHU ¢ NCKJTIO-
geHnem mapamerpa k/A .

Heonpenenéranocru (%)
tgc  tgu th tgb  ttly  ttll  Wbb Wij WW WZ  MynabTe-

cTpyu
CBeTuMOCTH 6.5 6.5 6.5 6.5 6.5 6.5 — — 6.5 6.5 —
Ceuenune 15.0 15.0 16.0 16.0 18.0 18.0 — — 2.2 8.9 —
Joust pacuajga 2.0 2.0 2.0 2.0 2.0 2.0 — — 2.0 2.0 —
MaTpudnblil MeTOI — — — — — — 3.7 3.7 — — 3.7
OcHOBHasi BepLIMHA 1.7 1.7 1.7 1.7 1.7 1.7 — — 1.7 1.7 —
1D mrooHa 4.1 4.1 4.1 4.1 4.1 4.1 — — 4.1 4.1 —
®parMeHTalNS CTPYH 5.0 5.0 5.0 5.0 7.0 5.0 — — 5.0 5.0 —

Tabmumna 4.6: HeonpegeréarnocTn, BhIpasKeHHBIE B TIPOIEHTAX, I HOPMUPOBOY-
HBIX 3 PEKTOB B MIOOHHOM KaHaje. HeonpeneméHuocT, TOKAa3aHHBIE [TsT MATPUU-
HOTO METOJa, TPUBEJIEHBI MOC/E TOACIETa AHTUKOPE/IAIUN MKy COOBITHIMU C
Wbb, Wjj u cobbiTuii ¢ MHOTUMHU CTPYSIMU; HEOPEIETEHHOCTH, TTOKA3AHHBIE IS
cevyennii CUTHAILHBIX HAOOPOB cOOBITHiT (tgs m tgu ), NpUBEJEHBI s CedeHunii ¢
uCKJoUenneM napamerpa k/A .
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4.3.8 Ilponeaypa ycTaHOBKU OrpaHMYEeHUIT HA aHOMAJIb-
Hble FCNC-nmapamMerpsl

Mbi ucnob3yem BailecoBCKYI0 CTaTuCTHKY Jijisd YCTAHOBKUM BEPXHUX OIPAHU-
qennit Ha aHomasibHbie F'C'NC' mapaMeTpbl, HCIIOJIb3Ysl METO/I, aHAJIOTHIHbBII
onmcanHomy B [67] u BcraBiaennoMy B naket top_statistics [51]. Jano M srae-
€K HEeKOTOPOro KMHeMaTHIeCKOro pacipejeseHns, Mbl onpeaeasem llyacco-
HOBCKYIO (pYHKIUIO TTpaBaonoaobusa Haomoaennsd N coObITHl B JAHHBIX KaK

—n; ., Ni
e in,

L(N |n) = HW (4.3)

=1

rae N-Mnpejacka3saHHoe KOJUIeCTBO COOBITHIA:

no=s+0b = fox (k/MN?+ fux (kN> + b (4.4)

3/ech S - IOJIHOE KOJMYECTBO CUTHAILHBIX COOBITHIH tgc U tgu MpoIeccos
1 b-1I0JTHOE KOJIMYeCTBO HAOpaHHBIX coOBITH (poHa, BKIoUas CM-mporeccs
POXKIEHUS OMUHOTHOTO TOTA. KOMNYeCTBO CUTHAIBLHBIX COOBITHI MOZKET ObITh
OIEHEHO npu JI000M 3HadeHun k/A myTéMm MCHOAL30BAHUS KOJIMIECTBA CO-
OpaHHBIX cOOBITHI, cozmanubix mpu k/A = 0.03 T3B!, Tak kax mMbl 3HaeM,
9TO CeYeHHe HPONOPIMOHAIBHO KBaJIpaTy aHOMAJbHBIX IapaMeTpoB. Takum
obpaszoM, f. (f.) SKBHBAJIEHTHO KOJIMYECTBY COOPAHHBIX cOObITHI tgc (tgu),
nenéunomy Ha (0.03)2 ¢ k/A , Bripaxennomy B TaB ™. Ucnonbsya dbynkmnmo
upaBaonoa06ust, Mbl onpejenseM bafleCcoOBCKYI0 MOCTEPUOPHYIO ILIOTHOCTH
BeposTHOCTH [68| Kak

plk./A% Eu/A2 | N] o / / / LNImDy (for fur ) Dol (ke 8| e/ A, E 0D,
(4.5)

riae p; (i = 1,2,3) - anpuopHble IIIOTHOCTH BEPOITHOCTH COOTBETCTBYOIINX
napameTpoB. Mbl paccMoTpuM MyJ/ibTUBapuanTHBIN [ayccuan Jijist JIOTHOCTH
BEPOSTHOCTH P CO CPEJIHUM U CTAaH/IAPTHBIM OTKJIOHEHUEM, OIIPe/IeJIEHHBIM
OIIEHOYHBIM KOJIMIECTBOM COOBITHI U UX HEOIPEIeTEHHOCTHIO JIJIS TOr'0, YTO-
OBl IPUHATH B PACUYET BCE KOPEIANNHN MeXKIY Pa3THIHbBIME HAOOpaMu co-
ObiTHil n suelikamu. st oTHOCTER Po U P3, B CHJLYy TOI'O, YTO AllPUOPU HE
M3BECTHBI 3HAYCHUA KOHCTAHTAX, Mbl IPUHUMAEM IIJIOCKOE paclpejie/leHue B
napamerpax. Cedenne it CHTHAJIBHBIX COOBITHI 3aBUCUT KBAJIPATUIHO OT
ornomenus k/A ; ciemoBaTesbHO, €CTECTBEHHBIM BBIOOPOM JJisl TPUOPHOMN
ILTOTHOCTH Oy1eT

pl(k/N)?] = const, 0 < (k/A)* < (k/A)? (4.6)

max

0, B Apyrux ciaydvasx 4.7)
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2D posterior probability density (un-normalized)

Puc. 4.12: PucyHok, npejcTaBisgiomuii MOCTEPUOPHYIO MJIOTHOCTb BEPOSITHOCTH

kak dynxmuio (ke/A)? n (k,/A)? .

rie k = k., 6o k, u (k/A)? .. nocraTrouno Gobinoe, Takoe, 4TO MOCTepPH-
OpHAas MJIOTHOCTH BEPOSTHOCTH CTaJIa MPEHEOPEKNMO MAJIONH B 9TOM CJIydae.
BamernM, 4To B BaiiecoBckoM TpuOINKEeHUN BBIOOP aIPUOPHOi IJIOTHOCTH
MOZKET JIATh Pe3yJbraroM oulyTuMblil addexr B pesyibrare. [Ipepiaraercs,
CJI6JI0BATE/IBHO, MCC/IEJ0BATH 3aBUCUMOCTD PE3Y/IBTATA OT MPUPOJBI AIPHOD-
HOM BEPOSATHOCTH JIJIsl TOTO, YTOOBI OEHUTH YyBCTBUTEIHLHOCTH BHIOOPaA. Mbl
TaKzKe PacCMOTPe/IH allpHOPHYIO II0THOCTD B k/A (BMecto (k/A)?) u namuu,
ITO PE3yILTAT MEHAETCs Ha Beaumdauny okoao 15% (cm. tab. 4.7).

Ha xoneunowm state, noc/e sapbuposanus napamerpos (k./A)? u (k,/A)?
MbI [OJIyYUJIM AIOCTEPHOPHYIO IJIOTHOCTh BEPOATHOCTH B JIBYyMEDHOH ILJIOC-
KOCTH JIByX MapaMeTpoB, Kak mokaszano Ha puc. 4.12. 3arem Mbl (a) omnpee-
JIATH KOHTYDBI MIPEJIesIoB B 2D-TI0CKOCTH HA YPOBHE JOCTOBEPHOCTH k Iy TéM
HAXOZK/ICHHsI KOHTYPOB SKBHUBAJIEHTHON BEPOSITHOCTH U TakzKe (6) mpomHTe-
IPUPOBAJIU 110 OJIHOI pa3mepHocTH M nojyunsn 1D nocrepuopuyo 1mwior-
HOCTh, C TIOMOIIBI0 KOTOPOIT MbI CMOZKEM HOJCIUTATH O'PAHUYEHUS HA KAZK-
abiit u3 napamerpos, (k./A)? u (k,/A)? 1ist Kazx10ro B OTJIEJILHOCTH.

4.3.9 Pe3yabTaThl IPpUMeHEeHUs HEeIiPOHHOI CEeTH.

Mpb1 nojicanTalin oxKujlaeMbie n HabJII0laeMble OIPAHUYEHHSI C UCII0JIb30Ba~
HUEM paclpe/ie/IeHnii ¢ BbIX0/1a HelipoHHOI ceTu. J[Jist 02KuaeMbIX MpeJIieioB,
KaK yKa3aHO BBIIIE, Mbl YCTAHOBUIN HAOJII0/IaeMO€e KOJIMYeCTBO PABHBIM IIPeI-
CKa3aHHOMY KOJIMYeCTBY /i (POHOBOI MO/ N B KAaXKI0i1 sdeiike TUCKpPUMHU-
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Oxxumaemble mpeenst | ToB 2]

[ke/AJ?

[ /AJ?

Habmomaemele mpesenst [ TaB 2]

[ke/AJ

[Fu/A]?

Be3 yuéra cucreMaruku
DIEeKTPOHHLIA KaHAJ
MiooHHBIN KaHAJ
Kombunanmus

C y49éTOM CHCTEMATHKHU
DJIEeKTPOHHBIA KaHaJ
MioonHBIN KaHaJI
Kombunanus

0.022 (0.148)
0.024 (0.155)
0.016 (0.126)

0.036 (0.190)
0.042 (0.205)
0.026 (0.161)

0.0016 (0.040)
0.0013 (0.036)
0.0010 (0.032)

0.0027 (0.052)
0.0025 (0.050)
0.0017 (0.041)

0.019 (0.138)
0.019 (0.138)
0.012 (0.110)

.027 (0.164)
0.044 (0.210)
0.022 (0.148)

0.0015 (0.039)
0.0011 (0.033)
0.0009 (0.030)

.0021 (0.046)
0.0024 (0.049)
0.0014 (0.037)

Tabsmna 4.7: Oxupaemble n HabOII0IA€MbIE BEPXHUE OIPAHMYEHHUs HA, KBAPAThI
FCNC mapamerpos (k/A)? wa 95% C. L., Berpaxennsie 8 T5B™2. Yncna B cko6-
Kax - orpanuuenus Ha (k/A). st oxKumaeMbIxX TpesesioB HAGTIONaeMoe KOJTde-
CTBO YCTAHOBJIEHO PABHBIM MPEACKA3ZAHHOMY KOJIMIECTBY Jjisi (DOHOBOI MOJIE/HN B
KaXKJI0# d4eiike NTUCKPUMUHAHTA HEHPOHHOI CeTH.

HaHTa HepoHHOit ceTn. OKugaemMbie U HAOIIOTaeMble KOHTYPbI OTpaHUYeHU i
[IPU HA3JIMYHBIX YPOBHAX JOCTOBEPHOCTH, C YIETOM BCEX CUCTEMAaTHK, MOKa-
3aHbI Ha puc. 4.13 u 4.14 1719 371€KTPOHHOT0, MIOOHHOTO 1 KOMOMHHPOBAHHOTO
KaHAJIOB COOTBETCTBeHHO. Pesy/ibrupyioniue rpapuku mocTrepuopHbiX I1J10T-
HocTeit BepositHOCTH Jijist anoMastbHbix FCNC-mapamerpos B 1D miockocTn
npuBejieHbl Ha puc. 4.15. U1, nakonern, B Tad. 4.7 npuBeIeHbI OrPaHUYCHUS HA
napamerpbl FCNC-B3anmoseiicTBus s caydaeB, KOTJA CHCTEMATHYECKUe
3¢ dekTrl yuuThIBaloTCa U 6e3 yuéra 3TuX 3h(HeKToB.
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D@ Run Il Preliminary, 230 pb’

D@ Run Il Preliminary, 230 pb’
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Puc. 4.13: KonrTypsl oxxumaeMbix Npesenos s 3JeKTPOHHOTO (BEepXHUiT JIeBbIi

PHCYHOK ), MIOOHHOTO (BEPXHUII MPABbIii PUCYHOK) ¥ €+ (HUKHUIT) KAHATIOB, BMe-
cTe ¢ anpuopHoil mioTHoCTRIO BepositHocTr B (k/A)? .

D@ Run Il Preliminary, 230 pb'

D@ Run Il Preliminary, 230 pb'
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o~ 0005 D@ Run Il Preliminary, 230 pb
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Puc. 4.14: Kourypbl HaOMIOMAEMBIX MPEIEIOB IS 9JIEKTPOHHOTO (BEPXHUI Jie-

BBIli PUCYHOK ), MIOOHHOTO (BEPXHUIi MTPABBIN PUCYHOK) U € + (i (HUKHUi1) KaHAJIOB,
BMeCTe ¢ alpHOpPHOil TIOTHOCTBIO BepoaTHocTh B (k/A)? .
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Puc. 4.15: Oxunaemsbie (BBepxy) n nabmogaemble (BHU3Y) OJHOPA3MEPHBIE MLJIOT-
HOCTH BEPOATHOCTH [T 3JIEKTPOHHOTO, MIOOHHOTO W € + [/ KAHAJOB C AllPHOPHOIL
moraOCTHIO Beposraoctn B (k/A)? . CTpesiku mpejcTraB/isioT BepXHUIe OrpaHmde-
Hus anomaabHbix FCNC-napamerpos wa 95% C. L..
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4.3.10 OcHoBHBIE Pe3yJIbTATHI IIEPBOT0 ITPOBEIEHHOTO aHA-
Jn3a.

B sroit vacru onucan nposejennbiit gerom 2006 roja aHasiu3 IKCIEPUMEH-
TaJbHBIX JAHHBIX, COOTBETCTBYIONUX cTaTHCTHKe B 230 m6 ™!, coOpaHHbIX 32
2002-2004 rr. gerexropom D@ xosmaiinepa Tevatron, ma mpeaMer mouc-
Ka HefTpaJbHBIX TOKOB, MeHsomux apomar kBapkos (FCNC), B mpomeccax
OJIMHOYHOIO POXKJeHUd Tomn-KBapKoB. Orbop manubiX, MK-MomemupoBanue
CUTHATBHBIX U (DOHOBBIX COOBITHI BO MHOTOM AHAJIOTHYHBI TOIOOHBIM B [40]
- nepsoit DORunll ny6umkanuu 1o moucky oauHOUHOro Ton-Kpapka. Cur-
Hasabable coObiTHst A1st FCNC mporeccoB reHepupoBaiiCh ¢ TMOMOIIBIO Te-
nepartopa CompHEP. Jlna oraenenus cUrHaJbHBIX COOBITHI OT (POHOBBIX
HCII0JIb30BaIaCh HEfipOHHA CeTh, HATPEHUPOBaHHAs HA ONpeIeIEHHOM Habo-
pe KHHeMATHYECKUX TepeMeHHbIX (cM. Tab. 4.4). BorxojHble pacipe/ieneHus
HEHPOHHOI CeTH UCIIOJIb30BAJIUCH JIJIsi YCTAHOBKYM OI'DAHMYEHUil Ha lapaMer-
poi, xapaktepusyioniue Bequanny FCNC-3anmoeiicteus. Orpanudenust Ha
FCNC-napamerpwr na 95%C. L. caexyromue:

kS/A < 0.15 TsB™!
ki/A < 0.037 TsB™!

rie kg/A Xapakrepusyer BejuuuHy tgc-B3amMojeiicrsud, a ki /A - erman-
HY (gu-B3aNMOJEHCTBHS. DTH DPe3YJbTAThl SBAAIOTCA MEPBBIMH, MOJIYYECH-
HBIMI Ha aJPOHHBIX KOJUTaiijepax, orpanmdenusiMu Ha Beunuaunny FCNC-
B3aUMO/IHCTBYSI, TIPOMCXO/IAIIIE IOCPEICTBOM IJIIDOHOB, MEZK/IY TOI-KBAPKOM
u c(u) -xkBapkoM. Bosiee mospo6uo seranu anaausa nznoxkenst B [10]. Jannas
JacTh aucceprannu 6asupyercst Ha paborax [9]-[10].

4.4 Jletajaum BTOPOTO IPOBEJIEHHOTO aHAJIN3A

Bropoit anasus, nposegéunniit 8 2010 rojy, obpabaTbiBa/l JaHHbIE, COOTBET-
CTBYIOIIIE HHTErPAJbHON cBeTHMocTH B 2.3 $h6 L.

K momenTy mpoBejieHnss Broporo anajusa xosabopamus CDFE omy6u-
KoBaJ1a pe3yabrarhl noucka F'C'NC' B KaHase, Ha3bIBAEMOM KaHAJIOM HPSIMO-
ro pozJeHus Torn-kBapka |70, 71| - depes B3aumomeiicTBIsI KBAPKA M [JIIOO-
Ha [69], maromero pesysabraTom KoHewHOE cocrosinue ¢ W-6030HOM u OJHOM
crpyéit. Orpanuvenns, mojry9ennpie B pesyybrare, clejyiommue: kg /A < 0.105 T>B~!
u ky /A < 0.025 T3B~'. [Ipu nposejienun BTOpPOro aHa/u3a HCIOJb30BAICA
TOT 2Ke HaGOp cobpaHHBIX D) HeTeKTOpOoM JaHHBIX, Ta Ke (POHOBASA MOIEC/D,
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TEXHUKA MYJIbTUBAPUAHTHOIO W CTATUCTUIECKOTO AHAIN3A, OMMMCAHHLIE B Pa-
6ore, MOCBSIIEHHO HABIIOAEHHIO TIPOIECCOB € OJMHOYHBIM TOI-KBapKoM |11,
79]. Kak u mpexje, ormMeneHo TpeGoBaHHe BTOPOii b-TIrMpOBAHHON CTPYH
JIUTsl OTJIeJIeHs] CUTHAJIBHBIX COOBITHII OT poxkaeHus Ton-KkBapka CM B s-
KaHAJbHOM mporiecce. /g yBesimdeHns IyBCTBUTEIbHOCTH AHAIN3A K CHUT-
HAJILHBIM COOBITHSM, JAHHBIE OBLIN pa3je/eHbl Ha 12 He3aBUCUMBIX KAHATIOB,
paszjensieMbix 110 Bpemenu c6opa Jgaunbix (Run Ila mim Run IIb) apomary
Jentona (e win (1), u KonudecrBy crpyii (2, 3 nom 4).

4.4.1 MonaerupoBaHue curHajia m oHa

[Tpu mojemupoBanuu curnasa u ¢gona, Kax B upeapiymem FCNC-anasuse,
coowbrtust CM pacemarpuBasinch poroBbivu. Co3anue cOObITHI J1/TsT TPOTIEC-
COB, COOTBETCTBYIOIINX JHArpaMMaM JIHUPYIOIIEro MOPsi/IKa TEOPUU BO3MY-
mennii ucnosb3osasics reseparop CompHEP [38], coorBercrByiomue cede-
HUsI 3aTeM yMHOXKaIUCh Ha K-dakrop, paBubiii 1.6, coorBercTByonmii [74].
g ynanenus CHHTYIIPHOCTEH, TPUCYIITUX COOBITUSIM C KOJLTHHEAPHBIM TJTI0-
OHOM, ObL/IM TPUMEHEHbI CJIe/IyIolIne 00pe3aHus:

e TIOmepeUHBIil UMMy Ibe rioona, Pr(g) > 8 GeV

e 1OmepevHblil UMIyJIbC b-KBapka (W3 pacnajga Tom-kKBapka), Pr(b) >

8 GeV

e paccrosiuue B (7-¢) MIOCKOCTH MKy TJIIOOHOM W D-KBapKOM W3 pac-
nasia Ton-kBapka, AR(g,b) > 0.4

Heramu srux obpe3annii o6cyxk aaorcs B npusaozkernn A k [9]. [Ipu cozmannm
coOBITHII MBI UCHOIb30Bau cTpYKTypHble pyHKmun CTEQG6L u macmrad
dbakropuzanun Q*, paBublit m;/2. Tak Kax cedeHne poKIeHHA OJMHOUHBLIX
TON-KBAPKOB 0 (t) MMeeT KBaJIPATHYHYIO 3aBUCHMOCTD OT Tapamerpa k/A u
3aBUCHMOCTH PACIa I TON-KBAPKOB OT AHOMAJILHBIX ITAPAMETPOB, MEHBIITUX
0.2 TeV™!, npenebpe:kumo majia, sesuuuna o(t) * B(t — Wb — [vb) tax-
Ke KBaJ[paTHIHO MeHsiercs B 3aBucuMocTu ot k/A. CenoBarebHO, MBI MO-
JKeM CMOJIeTUPOBATH CUTHAMBHYI0 KHHEMATHKY U IMOJIYYUTDH aKIEITAHC TOIb-
KO JIJIsI OJIHOTO 3HAYeHUs napamerpa /A, OTaeabHO Jjist u- U c-KBapKoB. [Ipu
HOJIyYeHUN CUTHAJA JJIst JIPYTUX 3HadeHuil £/A Mbl mpocTro macmrabupyem
cooTBeTCTBeHHO cedenus. Mbl BbiGpaau 3nauenue x/A, pasnoe 0.03 TeV ™!
B CompHEP s mozmenmpoBanusi CHTHAIBHOW KWHEMATHKU U CO3IAJIH JBA
Habopa curHaabHbIX MK-cobbiTHil: omuH A/ tgce mporecca, o 3HAYeHHeM
Ky, paBabIM 0 u motHBIM cederueMm 0.049 1mb; um gpyroit aas tgu mporecca;
Ke YCTAaHAB/IMBAJIOCH IPUHUMAIONIUM HYJIEBOE 3HAYEHUE U CEUCHUEM, PABHBIM
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0.72 m6. O6a 3Tux HAOOPaA MACIITAONPOBATUCH C TIOMOIIBIO (DAKTOPa, pABHOTO
1.6 must coorBercrBust NLO |74].

Curnasbabie COOBITHS JIJIsT aHAJIW3A IO OOHAPYZKEHUIO OJMHOYHOTO TOII-
KBapKa OBLIN IIPUIOTOBJIEHHI /I MaCcChl TOI-KBapKa, paBHoit 170 ['3B, B To
Bpems Kak FCNC coOpiTus OBbLITH CO3JaHBI JJIsI Macchl, paBHoii 172.5 ['9B.
JIs TaHHOTO aHAIN3a MBI HCIIOJIH30BAIH 3HAUYEHHUS MAaCChl TOI-KBapKa, paB-
uoit 170 ['sB. B npustoxkenun x [13| Mbl mokaszauu, 9T0 pas/imdme B MACCAX
JINIIb HE3HAYUTE/IHHO BJIMSIET Ha KWHEMATHKY COOBITHIl MAPTOHHOTO YPOBHSI
u cobwuitus s 172.5 I'9B penpesentarusub u s 170 ['9B.

4.4.2 Habopbl JaHHBIX

KosmmuectBo 1pejicka3biBaeMbIX 1 HAOJIOMAEMbBIX COOBITHI, IIPOIIEITUX
Kputepuu oTObopa, npuBejeHb B 1ad. 4.8 Jiis JTaHHBIX, CUTHAJIA U (POHOBBIX
MPOTIECCOB 7T KayK/IOTO U3 PA3JIMYHBIX KaHaJoB U B Tad. 4.9 mia ckombu-
HUPOBAHHBIX KAHAJIOB.

OIMHOYHO-TTOMEYEHHBIE

Run Ila Run IIb
DIeKTPOHHBIH KAHAJ MroouHBIH KaHAI DIeKTPOHHBIH KAHAJ MroouHbI# KaHAJ
2 3 4 2 3 4 2 3 4 2 3 4
cTpyn cTpyn cTpyn cTpyn
Curnaagst
fene ke 2.4 0.9 0.3 2.6 1.1 0.3 2.4 1.0 0.3 2.6 1.2 0.4
fcnc:ku 29 11 3.1 36 15 4.3 28 12 3.8 35 16 5.1
kctku 31 12 3.3 38 16 4.6 30 13 4.1 37 17 5.5
Doubr
tb 9.1 3.1 0.8 10 3.9 1.0 9.5 3.3 0.9 9.9 4.3 1.2
tqb 17 6.6 2.1 20 8.6 2.6 17 7.2 2.5 18 8.7 3.0
tt—1l 24 14 4.3 22 16 4.8 26 16 4.9 23 17 5.0
tt—l+jets 16 52 57 12 54 70 16 54 61 12 54 71
Wbb 135 44 12 146 57 16 130 44 12 136 53 17
Wee 66 25 8.1 74 33 9.9 69 26 7.6 72 33 11
Wej 99 23 4.9 111 30 6.5 105 27 5.7 112 30 7.6
Wij 73 23 6.2 88 31 7.9 116 35 9.2 128 47 13
Zbb 6.5 2.8 0.9 27 7.9 2.5 5.0 2.4 1.0 20 7.7 2.2
Zce 2.7 1.2 0.5 13 4.6 1.5 2.1 1.1 0.6 11 4.3 1.2
Zjj 5.4 1.8 0.6 13 4.3 1.1 6.0 2.1 0.8 14 5.0 1.3
Jubo30HBL 16 5.3 1.4 22 7.8 2.1 17 5.8 .7 23 8.4 2.4
MyasTucTpyn 28 10 3.0 51 17 7.3 31 10 7.1 73 28 9.0
CymMapHbIl o 499 212 102 611 275 133 548 234 115 654 300 145
Dou+curnan 529 224 105 650 291 138 579 246 119 691 316 150
Janusre 508 202 103 627 259 131 547 207 124 595 290 142

Tabsuma 4.8: HaGopwr cobpIThit ¢ 0mHoit b-cTpyéit, mporremmmx Kputepnn oToopa,
JUI KAsKJ0T0 W3 aHAIU3npyeMbIX KaHatos. FONC-CUrHAIBI COOTBETCTBYIOT 3HAME-
nuio k/A = 0.03 TeV—1,

4.4.3 MynabTuBapuaHTHBIII aHAJIN3

Jng ysenmdenusa wyscTBUTenbHOCTH aHanm3a kK FCNC B3ammosmeiicTBu-
sIM MBI HCHOJb30Ban BaifecoBckue Heiiponnsie ceru |79, 80|. Mbr B3sm
nepeMeHHble, HanboJIee MOJHO OTPayKarole KWHEMATHIeCKNX OCOOeHHOCTH
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OamHOYHO-TOMEYEHHBIE HADOPHI Ayist KOMOMHAINHK CUTHAJA U (DOHA

Dnexrpou+Mrwon, Run Ila+Run IIb
2 cTpyu 3 cTpyn 4 cTpyn Bce xanabr
CurnaJsst
kcetku 137 £ 0.7 57 + 0.5 18 + 0.3 211 £ 0.9
DonbI
tb+tgb 112 £ 0.4 (4.8%) 46 + 0.2 (4.5%) 14 £ 0.1 (2.9%) 172 £ 0.5 (4.5%)
tt 152 £ 0.5 (6.6%) 277 £ 0.7 (27%) 278 £ 0.7 (56%) 707 £ 1.1 (18%)
W +crpyn 1,660 + 7.6 (72%) 560 + 4.1 (55%) 154 + 2.1 (31%) 2,374 + 8.9 (62%)
Z+crpyu & nubo30HBI 204 £ 1.3 (8.8%) 72 + 0.8 (7.1%) 22 + 0.4 (4.4%) 208 £ 1.6 (7.8%)
MyapTHCTPYH 184 + 4.8 (8.0%) 66 + 2.3 (6.5%) 27 + 1.3 (5.4%) 276 £ 5.4 (7.2%)
Cymma poHOB 2,312 £ 9.1 1,020 £+ 4.9 495 + 2.6 3,827 £ 11
®ousi+Curnanst 2,449 £+ 9.1 1,077 £ 4.9 512 + 2.6 4,038 + 11
JaHHbIE 2,277 + 48 958 + 31 500 £ 22 3,735 £+ 61
S:B 1:17 1:18 1:28 1:18

Ta6mumna 4.9: Habope! coObITHil, TPUBEIEHABIE CO CTATUCTHICCKIMHI HEONPeTeIEH-
HOCTSIMHY, JIJ1si (DOHOB CO CTPYSIMU U JIjIsi KOMOWHAITMY BCEX KaHAJIOB aHaju3a. 11po-
[IEHTHI BBIPAZKAIOT JIOJIO IIOJTHOrO (DOHA, MPUXOJAIIYIOCT Ha, JAHHBIA KOHKPETHBIM
kanan. FCNC-curmas npusejens: s 3aadenns /A = 0.03 TeV L.

FCNC npomneccos n ucnosb3opasinuecs: B npegpiayinem FCNC anannsze (cu.
4.3.5,[9], [10]), u mepemennbie, xopomuio cebs 3apeKOMEH/IOBABIINE B aAHAJII-
3e, JABIIeM CBOUM Pe3yJIbTATOM HaOJIOJCHHE MPOIEeCCOB ¢ OJIMHOYHBIM TOII-
KkBapkoMm [11].

Paznensionime nepeMeHHbBIE

Huxke npuBesenbl pasjessioniue CUTHAJIbHBIE COOBITHS OT (POHOBBIX Iepe-
MEeHHBIe, JIJId yI00CTBa pa3/e/IéHHbIe B JIBa MOJIHAOOpA:

e IlepeMenHble, yCcIeNIHO HIpUMEHEHHLIE B aHAJHM3e, JABIIEM CBOHM pe-
3yJIBTATOM HAOJIIOIEHIE MPOIECCOB C OJUHOYHBIM TOM-KBAPKOM [79)].

e [lepemennnie, ncnob3oBapimecs B mpeabayem FCNC anaimse B Kazk-
JIOM W3 OTJIeJIbHBIX KaHatoB anaau3a [10]. lecsaTh mepeMeHHbIX TpUBe-
nenbl B 4.4.3. HekoTopble U3 3THUX IepeMeHHBIX YzKe ObLIU HCIOJIB30-
BaHbl B Pa3/JIMIHBIX KaHAJTaX aHAJIM3a MO0 OOHAPYXKEHUIO OJMHOUHOTO
TON-KBApPKa; HOBBIMHU IIEPEMEHHBIME SIBJISIOTCA caeayomue: pr(tagl),
n(lepton), pr(W), cos(lepton, jetlqp.

s KazkJ10ro KaHaJjia aHaJjin3a Obljio BbIOpaHo 23 wju 24 nepeMeHHble,
HCXOJIsI U3 WX 3HAYMMOCTH, MOJIy9aeMoii ¢ nomompio Rulefit |[81]. Pacupe-
JIeJIeHW st JIJIsT HEKOTOPBIX Pa3e/IsIoNInX MepeMeHHbIX TToKa3aHbl Ha puc. 4.17-
4.18 g KoMOMHAIUE BeeX KaHAoB. [lepemennbie, ncnosib3yeMble B KazK/I0M
KaHajle U UX 3HAUYUMOCTDb, a TaKyKe paCIpe/leJIeHus 10 BCeM TepeMeHHBIM,
HCHOJIb3YEMBbIM B aHaJM3e, UpuBe/ienbl B npustoxkenun K [13]. Llgera na pu-
CYHKaX COOTBETCTBYET JIeTeH/ e, TTpe/icTaBIeHHoil Ha puc. 4.16.
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KunHeMaTnKa MHOUBUAYAJIBHOTO OO'beKTa

TTonmepevnsriit UMIyIbC auanpyomeil crpyu, pr(jetl)

TlonepevHblii UMIYJIBC TUAUPYIOMEH TOMeIeHHON cTpyH, pr(tagl)

TlceBmoObICcTpOTA JIeniTOHA, 7)(lepton)

Ilorepsiunas sueprusi, E7, B

Cob6biTuiiHasi KNHEMATUKA

TTomepevHbIil UMITYJILC CHCTEMBI U3 ABYX JIHAUPYIOMUX CTpyi, pr(jetl, jet2)

CkaJisipHasi CyMMa, [OIEPEYHbIX UMIIYJIbCOB CUCTEMBl M3 JBYX Jugupylomux crpyi, Hr(jetl, jet2)
TTomepevnsIii UMIYJILC peKOHCTPpyupoBanHOTO W-6030H2, p (W)

MuBapuaHTHAS MaCCa TOM-KBAPKA

PEKOHCTPYHPOBAHHAS C UCIOJB30BAHUEM JIUAUPYIOMEH MOMEIEHHON CprH,M(tOptagged) = M (W, tagl)
VuBapuaHTHas Macca cucTeMbl Beex cTpyit, M (alljets)

VYriioBble nepeMeHHbIe

cos(lepton, jetl) pqp

Tabsmmna 4.10: Cnucok gecaTn mepeMeHHbIX, NCIOIb30BABITIXCS B ITPEbI LY IEM
FCNC anajuze.

- Data

B Fene k.

" FeNek,
I t-channel

s-channel
L WHjets
B tt
B Multijets

Puc. 4.16: Jlerenga ayisa nocieayommx pacnpegenennii curaansa n gpona. Toukm,
OTHOCAIIHECS K JTaHHBIM, TPUBEJIEHBI CO CTATUCTUIECKUMY HEOTPEIeTEHHOCTAMMA.
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Puc. 4.17: Cpasnenune pacnpeznenennii mist (pOHOBON MOJEIN C ZAHHBIMW IIJIsT TTe-
PEMEHHBIX, OTPAKAIOIINX OCOOEHOCTH KHHEMATHKYU OTJEJBHBIX 00hEKTOB, MCIOJIb-
gyembix B FCNC anaju3se Jjist KOMOWHAIINN BCEX KAHAJIOB.
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Puc. 4.18: Cpasuenwue pacnpejenennii j1ist (GOHOBON MOJIEIN C JTAHHBIME I YTJI0-
BBIX TlepeMeHHbIX, ucnob3yembix B FCNC ananmmse j1jig KOMOUHAIMY BCEX KAHAJIOB.
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unckpumuuaaHnT BaiiecoBckoii HeiipoHHOIT ceTu

B cBsi3u ¢ Tem, 4TO KMHEMAaTHKAa JBYX HAOOPOB COOBITHII, COOTBETCTBYIO-
mux aBym 3uadennsM FCNC mapameTpoB, oueHb MoXoxKast, Mbl TPEHHPOBAIN
CeTb, UCIONb3ys OANH (PUIBTD, /I IBYX CHTHAJIOB BMECTe, MOIOOHO TOMY,
Kak 310 ObL10 caenano B npeabiayieM FCNC anaaumze. Mbl cymMupoBaJin
BMecTe HAOOPbl cOObITUH tgu U tgc, HOPMUPOBAB KazK/IbIil TaK, KAaK OIKCAHO
B 4.4.1. II3-3a ToOro, 4ro cedyenune nadbopa cobbITuit tgu 6OJIbIIE, YeM cedeHue
y Habopa cobwiTnii tge, Ham KoHedHbI bujbTp Oyger 0oJiee TyBCTBUTEJICH
K tgu, ueM K tgc. Oanako 601611010 3deKTa 3TO He JACT, TAaK KaK KHHEeMa-
THKA COOBITHI cxoxKa. MbI ncmosb30oBain Takoil ke mapamerp BNN, kak u
B [79| u pazuensiin Kax /bt HAGOP COOBITUI HA TPU IKBUBAJIEHTHBIE YACTH -
JUIst 00ydeHusi, MpoBepku u cobopa. HacTb jijiss TPEHUPOBKHU UCIOJIb30BAJIACH
JIIsE BBIOOpA 1iepeMeHubIX u obyuenus jguckpumunanta BNN, qacts jajist mpo-
BEePKH WCIOJIb30BATACH JJIS TecTa MePEeTPEHUPOBKU W YacTh Jisd cOopa Hc-
M0JIH30BAIACH TOJIBKO 7T KOHEYHOT'O CTATHCTUIECKOTO aHaan3a. B kaxmom
KaHaJe Habop 11 TpeHupoBKH 1’ cocTostm u3 10,000 curuaIbHBIX HEB3BEIIeH-
HbIX coObITHil, cMemanubix ¢ 10,000 (boHOBBIMU HEB3BENIEHHBIMU, B3SThIMU
U3 CUTHAJIBHBIX 1 (DOHOBBIX B3BEIIEHHBIX COOBITUII B TPEHUPOBOYHOM HAbOpe
MEK-cobpiTuii. Mbl TpeHHPOBAIN OJUHOYHYIO HEIIPOHHYIO CETh J/Isd KazK/I0I'0
KaHAJIa aHAJN3a, B COOTBETCTBUM ¢ [82], ¢ KOJMUECTBOM CKPBITBIX HOJ, PAB-
HboIX H = 20 u 23 uin 24 BXOAHBIMU HOJAMHM JIJIS MOJTYUEHUs TOCTEPUOPHOI
mwiornoctu p(w|T’) B IPOCTPAHCTBE NAPAMETPOB CETH.

Puc. 4.19 nemoncrpupyet, uro BNN paboraeT XOpoIio u siBisieTcst CXo/1si-
mieiica. [lokazannoe gBsgeTcsa cpaBHEHNEM CHTHAJIBHBIX U (DOHOBBIX pacIpe-
neiennii (KpacHble W 3eJIEHbIe COOTBETCTBEHHO) B3Bemennble BNN, nx cymma
U pacupejieJieHne I CUTHAJIA, B3ATOe U3 He3aBUCHMOro Habopa. Kpacuas
CyMMa, B3BeIlIeHHbIX PACIPe/Ie/IeHUIT XOPOIIO COIJIACYeTCs ¢ CUI'HAJIbHBIM pac-
npeJieJIeHreM, 4To sBJjsieTcs jgeMoucrpanueit Toro, uro BNN cxomures.

Puc. 4.20 nokaswiBaer koneunbrit guckpumunantT BNN st Bcex ckowm-
OMHUPOBAHHBIX KAaHAJIOB aHagm3a. Mbl BHAUM, 9TO HAOJI0aeTcd HeJocTada
JIAHHBIX MO CPABHEHWIO C OKUJAHUEMBIM KOJUIEeCTBOM (DOHOBBIX COOBITHIA,
XOTS 9TO U CTATUCTUYECKH HEe OYeHb 3HAUYMMOE KOJIMYECTBO.

Puc. 4.21 nokasbiBaeT KyMy/IaTUBHbBINA cUT'HAJ, (DOH U JaHHbIe KAK (DYyHK-
AU KOJMYeCTBA CHTHATIBHBIX COOBITHIT TP Bo3pacTanny 3uadenuii S/B, qis
CKOMOWHWPOBAHHBIX CUTHATIOB tgu u tgc. To ke caMoe pacipefesenue s
tgu u tgc OTIeIBHO TTOKA3aHo Ha puc. 4.22. Bunno, 9ro KpuBasg KyMmyis-
TUBHBIX CUTHAJTBHBIX COOBITHI JIEYKUT BBITIIE OKUIAEMBIX (DOHOBBIX COOBITHI
U JIAHHBIX.
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Pwuc. 4.19: Penpesenrarususie, sepudunupyiomue BNN pacrnpegenenns mo HeKo-
TOPBIM MEPEMEHHBIM, UCTIOIL3YeMbIM B ananuse: jqusa pl7, CC, 2-crpyn (Bepxuuii
pan) u st p20, p, 2-cTpyu (HUKHUI D).

. @ ~D@ 2.3fb (b) DZ 2.31b
[ FCNC tgc
[ FCNC tgu
[l single top
B W+jets
Mt

W Multijet
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Yield [Events/0.02]
Yield [Events/0.02]
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88 o085 09 095 1
02 04 06 08 1
FCNC BNN Output FCNC BNN Output
Puc. 4.20: Cpasrenne ¢honoBOi Momenn ¢ magHBIME A1 quckpuMuHanTa BNN s
BCEX CKOMOMHUPOBAHHBIX KAHAJIOB aHAIU3a J/Is BCeil obaacTu auckpuMuHanTa (a)
U TOJBKO Jist obsacti BeICOKHX 3Hadenuil guckpuMunanta (b). FCNC curnasst

HOPMUPOBaHbI HA HAO/II0JaeMble ITPe/Ie/IbHBbIE 3HaYeHus ceuennii, o (tgu) = 0.20 ub
u o(tge) = 0.27 ub.
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Puc. 4.21: Pacupesenenne KyMyIaTUBHBIX COObITHIT 11 qaHubIX, hora u FCNC
currajia+@oHa Kak (PYHKIUsT KOJUIECTBA KYMYJIATUBHBIX CUTHAJIBHBIX COOBITHIA
JIIT CKOMOMHMPOBAHHBIX tgUu U tg¢ CUTHATBHBIX KAHAJIOB Jis 1e/10il obiactu (cJie-
Ba) M CUrHAJILHOI 06s1acTu (cripasa).
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Puc. 4.22: Pacnipenenenne KyMyaaTUBHBIX cOObITHI 11 marabix, pora m FCNC
curaaaa-+dona Kak PYHKIUS KOJINIECTBA KyMYJIATABHBIX CUTHAJBHBIX COOBITHIA
Juist tgu curnada (ciesa) u tge (cnpasa).
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CucremaTudeckue HeEOIIPeaeJTEHHOCTH

CI/ICTeMaTI/I‘{eCKI/IG HGOHpeﬂeﬂéHHOCTI/I, IIpUuHUMaeMbl€e B BHUMaHHUE 9TUM aHa-
JIN30M, COBMAJAIOT C PACCMATPUBAEMBIMH B aHAJIN3e M0 O0HAPYKEHUIO OJIH-
HOYHOrO Ton-KBapKa [11]|. Tab. 4.11 moka3pIBaeT MOPSIKU BEJIUIUH CHCTEMA-
TUYECKHUX HeOIlIpeIeTéHHOCTel.

OTHOCUTEIBLHBIE CUCTEMATHICCKIE HGOHpe,ZLeJIéHHOCTI/I

KoMnoHeHTBI /18 HOPMUPOBKU

HuTterpajibHag CBETHMOCTD 6.1%
Ceuennda tt mpormeccos 12.7%
Cedenne poxKIeHUS OJMHOYHOIO TOI-KBapKa 8.4%
Ceuenne nponeccosB Z-+Crpyn 5.8%
Cedenns mporeccoB ¢ JIByMs OO30HAMHU 5.8%
Jlo/Ix TIOJTHOTO paciiaja 1.5%
QyHKIUN paclpeeeHnsa MapTOHOB 3.0%
(TOJIBKO CUTHAJIBHBIE AKIECHTAHCHI)
Tpurrepn 5.0%
MruoBeHHOE TTepeB3BENUBAHIE CBETUMOCTH 1.0%
OT1b60p NEepPBUYHBIX BEPIIUH 1.4%
N nentudukaius J1e1TOHOB 2.5%
@parvenranus crpyu (0.7-4.0)%
Pajmanus HaqajabHOrO U KOHEYHOTO COCTOSIHUIA (0.6-12.6)%
Oparmvenranys b-crpyn 2.0%
N nentudukanys 1 peKOHCTPYKIHSA CTPYii 1.0%
Pazpemenne saeprun ctpyn 4.0%
[TompaBka K mporeccam W -+cTpyn ¢ TSIKETBIMI KBapKaMI 13.7%
[TonpaBka K nporneccam Z-+CTrpyu € TAXKEJIbIME KBapKaAMK 13.7%
Hopmuposka nponeccoB W+crpyn Ha ganabie (1.8-5.0)%
HopwmupoBka mporeccoB ¢ MHOTUMHE CTPYSIMH Ha JTaHHBIE (30-54)%
Craructuka MK u MyJbTHCTPYHHBIX IIPOIECCOB (0.5-16)%
KomiioHeHTbI, MEHLIOIIIE HOPMUPOBKY U (DOPMBI paciipeaeTeHmit
[TonpaBka K HEPrUU CTPYM JJIA CHI'HAJA (1.1-13.1)%
[TonpaBka K 3HEPTUU CTPYH JJIs TTOJHOTO (POHA (0.1-2.1)%
b Tsrupopanme (2.1-7.0)%

KomiioHeHTbI, MEHLOIIE TOJBKO (POPMBI paciipejiesieHuii
ALPGEN IlepeB3BelInBaHHe —

Ta6mumna 4.11: CBoiKa BceX OTHOCUTENLHBIX CUCTEMATHIECKUX HEOI eI IEH-
HOCTeT.

101



[Ipu mepexoze OT mpeje/TbHBIX 3HAYEHHUI cedeHUi K Mpeae]bHbIM 3Ha-
genussm FCNC mapameTpoB npuHMMAa/ach BO BHUMAHUE TAKKe JIOTO/IHU-
TeJibHAs CUCTEMATUYeCKas HEOIPeIeIEHHOCTh TEOPETHIECKOI0 3HAUYCHUS Ce-
4yeHus, papHas 8.88%, BKmouéHHAd B pacdér auadg ydéra 3apucumoctu NLO
cevenust 0T MaciTaba GakTopu3anuu U PeHOPMUPOBKH. [74].

CraTuctundyeckuii aHajn3 u pe3yJabTaThl BTOPOTO aHAJJIM3a

Hab6romaemble JaHHBIE COLIACYIOTCA C HMpeacKa3aHuaMu (DOHOBOH MOIEN.
CiteioBaTe/IbHO, MbI MOZKEM TIOC/IE0BATH IIPOIE/YPe YCTAHOBKY MIPE/IEI0B HA
FCNC napamerpsi. Mbr ucniosibdyem Baitecosckoe npubimzkenue |75, 76, 77|
u ompejensieM npejenbuabie 3Hadenus i FCNC napamerpoB B3amMojeii-
CTBUs TON-KBapKa C U- U C-KBapKaMH TaKUM 2Ke 00pa30oM, KaK U B IIPebl-
naymem FCNC anammse (cm. cexkmuio 4.3.8), B jBa miara. [lepBbIM 1arom
MBI [IOJIy9aeM JBYMEPHYIO IOCTEPHUOPHYIO BEPOATHOCTH KaK (DYHKITUIO 000X
FCNC napamerpos. Bropeim mrarom Mbr uaTerpupyem 3ty 2d mocrepuop-
HYIO BEPOSITHOCTH MO KaKJOW OCH JJIsl TMOJIYUeHUsl MPEeIeTbHBIX 3HATEHUIT
cevyennit g FCNC mapamMeTpoB TOI-KBapKa € U- U C-KBapKaMU OTJIEJIHHO.
DTOT MeTO]I JeaeT mporeaypy noaydenus npeaena Ha FCNC mapamerp tgu
HE3ABUCUMOMI OT JIIOOBIX HPE/IIOJIOZKEHUI O 1apamerpe tgc u HaobOPOT.

lajiee Mbl cTponM (YHKIUIO TTpaB/Io1no/106us B npe/mno/ioxenun o [lyac-
COHOBCKOM pacIpejie/IeHuN HA0TI0/[aeMbIX COOBITHIT U TTPEITOJI0KEHUH O TIJI0C-
KOIf HEOTPHUIATEIbHOH allpHOPU BEPOATHOCTH JIJIs CEUeHH CUTHAJIBHBIX MPO-
IIeCCOB, KOTOPBIE, B CBOIO OYepeib, MPOMOPIUOHATLHBI KBaIpaTaM IapaMeT-
poB tgc u tgu. Mbl monydaeM “oxkumaeMbie” Mmpeaesbl Ha ceUeHus MyTEM CO-
OTHECEHUsI KOJIMYecTBa COOBITUI U3 JIAHHBIX B KarXK/I0i d4eiike rucTorpaMMbl
K cymMMe (DOHOBBIX TTPOIECCOB. B KOHETHOM MTOTE MBI Oy IaeM TIPeIe/Ibl Ha
FCNC napamerps! u3 npejenos Ha cedenns FCNC nporeccos.

JIBymepHasg mocrepuopHas BepodTHOCTh Kak dyHkiua FCNC cedennii
mokasaHa Ha puc. 4.23.

JIByMepHas OCTePUOPHAS BEPOATHOCTL KakK (DYHKIUM HapaMeTpos tgu?
u tgc? nmpuBeneHsl Ha puC. 4.24 118 03KIIaeMOT0 W HAOII0IaeMOTO Pe3y/IhTa-
toB. Pacnpenenenne Ha puc. 4.24 npaxTudecKd UJeHTHYHO PacIpeesIeHUI0
MMOCTEPUOPHONl BEPOATHOCTH Ha puc. 4.23, HO TPHUBEIEHO B JPYTUX OCAX H
BKJTIOUAET B ceOs CUTHAJIBHYIO HEOIPe e eHHOCTb.

MbI npoenupyeM JABYMEPHYIO BEPOATHOCTL Ha OcH tgc? m tgu?, T.e. Mbl
unrerpupyem 1o tgc® (tgu®) ocu i 10JTydeHUs] OJJHOMEPHOl BEpPOATHOCTH
tgu*(tgc?). Dtu nocrepuopHble BEPOSTHOCTU NpUBEJCHB Ha puc. 4.25 s
FCNC ceuenwnit u Ha puc. 4.26 j1/1d mapaMeTpoB.

W3 31ux 110CTEPUOPHBIX BEPOSATHOCTENR Mbl M3BJIEKAEM lIpeJie/ibHblE 3HA-
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Puc. 4.23: Baiiecosckast nocrepuopHasi BEPOATHOCTh KakK (DYHKIMs CeUYeHUii O1pe-
nenéanbix FONC nmponeccos s oxugaemoro (ciesa) n mHabaogaemoro (crnpasa)
Pe3yIbTaTOB.
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Puc. 4.24: BaiiecoBckast mocrepuopHast BEpOATHOCTH Kak (DYHKIMSA KBaJIPATOB Ma-
pamMeTpoB tgu u tgc i 0KUTAEMOro pe3ysibraTa (CaeBa) u HabII0gaeMoro pesyib-
rara(cupasa).
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Puc. 4.25: BaitecoBckast mocrepropHasi BeposaTHOCTH Kak dyukius FCNC cedennii
JIIsE TPOLECCOB tgu (BepxHMil Psiff) M NPOLECCOB tgc (HvKHME Psift), [/ OXKuae-
MOTO pesysbrara (caeBa) u HabOJI0aeMoro pesysbrara (Crpasa).

104



D@23

0.8 95% C.L. expected limit:
kg/A <0.016 Tev*

D@ 2.3fb
95% C.L. limit:

1
15 KY/A < 0.013 TeV

Posterior density [10 * TeV?|
Posterior density [10 * TeV?|

0.5

“ 6 % 2 ‘

4 4 6

(k:/A)Z [10* TeV?] (k://\)2 [10* TeV?]
‘% D@ 23fb* ‘% D@23 fb*
F 95% C.L. expected limit: L 0.08 95% C.L. limit:
o K§/A < 0.066 Tev? o k§/A < 0.057 Tev?!
= =
2 2
[%2] [%2]
c c
(] (]
© ©
S 5
5 o)
D D
[o] [o]
o [a

L
40 60 80 40 60 80
(k;/A)Z [10* TeV?| (k;//\)2 [10* TeV?]

Puc. 4.26: BaiiecoBckas mocTepuopHasi BEpOSTHOCTh Kak (DYHKIUS KBaJIpaTa Ia-
pamerpa tgu (Bepxuwuii psiy1) u KBajpara napamerpa tgc (HuKHuil psif), st 02Ku-
JTaeMOro pe3yabTaTa (cieBa) u HabII0IaeMOro pe3yabrara (CIpaBsa).
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venust Ha 95% yposue gocropepuoctu (C.L.) myTém unrerpuposasus ot 0 10
95% obsracTu mocTepuopHOil BepoaTHOCTH. Mbl OIYyYMIN CJICLyIOIue Orpa-
auvennst Ha cedennst FCNC mporeccos:

o(tgu) < 0.20 ud.
o(tge) < 0.27 1b.

[Ipeenbable 3HaYEHUS] CEYCHUN TOJIYIAIOTCH MEHBIIE OXKHJIAEMbIX, KaK
nokasbiBaeT puc. 4.25. Takzke 310 Buano Ha puc. 4.20 kak HejocTava HAOJIIO-
JTaeMOr0 KOJIMYeCTBA COOBITHIT B 00/1ACTH BHICOKNX 3HAYEHUN TUCKPUMUHAH-
Ta MO CpaBHEHUIO ¢ npe/ickazanneM (ouoBoit Mmomesn. [lpenens va tgu u tge
HEMHOTO PA3/JUYAIOTCS U3-33 OTJINYNS B KHHEMATHKe KOHEUHBIX COCTOSHUIT 1
pasunix PDF.

[Toryaennnie B pesysbrare ananan3a npesgenbabie 3uadenust FCNC napa-

MEeTDOB CJIe/IyOlIHe:
Ky /A < 0.013 TsB~'.

KC/A < 0.057 ToB~L,

Takzke Mbl nepesesn npegenbhbie 3nadennss FCNC mapameTrpoB B npe-
nesbHble 3HaYeHns BeposTHocTH FCNC pacnaia Ton-KBapKa B U- U C-KBapKH,
HCIOJIb3Y s TOT (DAKT, 9TO CedeHue MPOMOPIHOHATHHO TaKoiil BepositHOCTH [78].
MpI mostydniu ciieayioiine mpejenababie 3Hadenns BepogTHocTeit FCNC pac-
maja TON-KBapKa B U- U C-KBapKU:

Bt —u+g)<20x104
B(t —c+g) <39x 1073,

B npunoxkennn k [13] npuBoauTest cpaBHenne quckpuvmuHaaTa BNN, ne-
MOJIB3YEMOTO B 3TOM aHaJH3e, ¢ AUCKpUMUHAHTOM u3 mpeasiaymero FCNC
ananu3a [10]| u moKa3pIBAETCsI, YTO HACTOAIINI TUCKPUMUHAHT SIBJISIETCSI 3HA-
YUTEJIbHO 00JIee IyBCTBUTE/ILHBIM JaZKe IPHU YUEéTe MEHBIIEro KOJUIecTBa
obpabaTbiBaeMbIX B IPOIIJIOM aHA/IW3€e JIAHHBIX.

Bostee moapobnoe ommcanue JAHHOTO aHAJN3a MOYKHO MIOYepIHyTh B [13].

4.5 OcHOBHbIE Pe3yJbTATHI IJ1aBbI

B sroit ryraBe omnmcanbl Ba MOCJIEI0BATEIBHBIX AHAJIN3A, IKCIEPUMEHTAb-
HBIX JaHHBIX, COOpaHHBIX gerekTopoM DOna xomnaiigepe Tevatron, moces-
MEHHBIX TIOUCKY HEHTPAJIbHBIX TOKOB, MeHsormux apomar kBapkos (FCNC)
B IIPOTIECCAX POKICHUS OJUHOYHBIX TOII-KBAPKOB. /laHHbIE HCC/TeIOBAHNS SIB-
JIAIOTCA HE€PBbIMU JIJIAd a/IPOHHbIX KOJ'IJ'IaI;’I,ZLepOB, pacCMaTpUuBalOIIUMUA B3au-
MO/IEHCTBHUSI TOM-KBapKa C U- U C-KBapKaMU MOCPEICTBOM IJIIOOHOB. Pesyiib-
TaTaM¥u ABWJINCH NpeJeJbHbIe MHTEPBAJBI JJIA MapaMeTPOB, ONMPEeNeJISIONAX
cuny FCNC B3aummojieiicTBUA TOI-KBapKa € U- U C-KBapKaMH.
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B nmepBoMm anammse, o6pabaThIBAIONIEM JAHHBIE, COOTBETCTBYIONINE WHTE-
rpasibHoil ceruMocTH B 230 061, HOJydeHBI Cepyiomue OrpaHIueHd Ha
FCNC-napamerpsr:

ke/A < 0.15 ToB~!
k¢/A < 0.037 T5B™!

, TIe k; /A xapakrepusyer Bequunny {gc-B3anMOICHCTBUS, a k;‘ /A - Bemuunny
tgu-B3auMOJIeliCTBUS.

PesynrpraramMu BTOporo anajn3a, OCHOBBIBABIIEMCS HA JTAHHBIX, COOTBET-
CTBYIOIINX WHTETPaJbHOMl cBeTHMOCTH B 2.3 H6 !, apuanch Gomed KécTKHe
OTpaHUYEHUS HA AHOMAJIbHBIE TapaMeTpsl, onpeesioniue cuty FCNC B3an-
MOJIEHCTBHUSI. DTO CTAJIO PE3YABTATOM HE TOJBKO 00PabOTKH OOJIBIIEro KOJIu-
YeCTBa JAaHHBIX, HO U UCIOJIB30BaHUA HOBEHIInX METOA0B IKCIHEPUMEHTAJb-
HOTO aHanu3a. B Tab. 4.12 mpuBeieHbl OJYYUBIIHECS B PE3YIbTATE BTOPOTO
FCNC ananm3sa BepxHue mpejie/IbHbIe 3HAYEHUS TAPAMETPOB, OTIPETESIONTIX
cusy FCNC Bzaumogeitcrsuii, na 95% CL. ITo cpaBrenuio ¢ nepsbiM aHajim-
30M 6BIJ'II/I IMOJIy4Y€HbI JOIOJIHUTEJ/IbHBIEC OI'PaHUYCHUA Ha CeYeHUd POZKIACHUA
OJIMHOYHBIX TOM-KBAPKOB B IIFOOHHBIX BeprmmHax mocpegactBom FCNC u Be-
poATHOCTEl pacnana; 3tu pesyabrarhl Ha 95% CL takzke npusesensl B Tal.
4.12.

tgu tgc
Cross section 0.20 pb 0.27 pb
Figr/ A 0.013 TeV~! 0.057 TeV !
B(t — qg) 2.0 x 107* 3.9 x 1073

Tabauna 4.12: Habaomaembie Bepxaue npejenbubie 3uadennss FCNC ceqe-
HUil, KOHCTAHT U BepoaTHOCTell pacnaga na 95% CL

JlaHHas 9acTh AUCCEepTAIMU OCHOBaHA Ha paborax [9]-[10] u [12]-[13].

107



SaKJ/JII0YeHue

Cdopmyaupyem 0CHOBHBIE Pe3y/IbTaThl, MOJYI€HHbBIE B JTUCCEPTAINH U TP/
CTaBJdgeMble K 3alluTe:

1. Ha nmerekrope DO xommaiinepa TEVATRON mposegen mouck momoi-
HUTEJILHONO MACCHBHOIO BeKTOpHOro 6o3ona W' B mporeccax poxe-
HUS OJIMHOYHBIX TOM-KBapKoB. Ocoboe BHUMAHUE TPU MOJAETUPOBAHUT
Mounre-KapJio cobbiTuii ObL10 y/ie/1eHO KOPPEKTHOMY YUETy BKJIa/1a UH-
TepdepeHMOHHOro YjeHa, Yero He JIe/1ajoCh paHee B MPEJIbIIYITNX
mouckax. B jmccepranuy ONHUCAHBI JIBA IOCJEI0BATEIbHBIX AaHAJJIH3A
JMaHHBIX. B pesyibrare mepBoro anaansa, B KOTOpOM 00padaThIBAIUCH
TaHHBIe, COOTBETCTBYIONINE HHTErpaIbHOll cBeTnMocTH B 230 m6 !, 6bI-
JIU TIOJIyY€HbI CJIeJIYIONINe Pe3y/IbTaThl: HUXKHSIS IPDAHUIA JIJIs MaCChl
W' 6o30na, B3auMOAEHCTBYIONEro ¢ (pepPMUOHAMHI ITOCPEICTBOM JIEBLIX
TOKOB, coctasuia 610 I'sB, B To Bpems, kak aia W', B3aumoneiicTByo-
IEro MOCPeICTBOM MIPABBIX TOKOB, 3Ta rpanuiia coctapuaa 630 ['sB mia
W', pacnagaromerocss B KBapku u JienToHsl. Jnsg cayuas W'-6030ma,
PacIaIaronerocs TOJAbLKO B KBAPKHU, HUXKHsA I'panuna Ha maccy W' co-
crasuwia 670 ['3B. Bropoit anaiun3, npoBeI€HHbIN HA yJIYUYIIEeHHONR CTa-
tuctuke B 900 16!, 3HAUNTEHHO YKECTOUNJ OTPAHMUEHUS HA MACCY
W' mmxkugasg rpanuna juig Maccel W/, B3ammoseiicTByromero ¢ gep-
MHOHAMH [IOCPEJICTBOM JIEBBIX TOKOB cocTapmia 731 I'sB, xna W' xe,
B3aUMO/IEMICTBYIONIETO TOCPEJICTBOM 1IPABbIX TOKOB M PACIIA/IAI0NIEr0Cs
B KBapKHU U JIENITOHBI, 3Ta rpanuna cocrasuia 739 ['9B. Huxussa rpa-
nuna maccol W/-6030Ha, pacnagaiomerocst TOJbKO B KBAPKU COCTaBUIIA
768 ['sB. /lomoiHUTEILHO BO BTOPOM aHa/In3€e OBLIO ITPOBEIEHO UCCIe-
JIOBaHUe 3HAYeHUi napaMerpoB cBsa3u W/-6030Ha, B3anMOIeiHCTBYIOIIe-
I'0 1IOCPEJICTBOM 1IPABbIX TOKOB, ¢ (hepMUOHAMU; UCKJIFOUEHbl 3HAYEHUS
koucranT Boie 0.68 aia W/-6o30na ¢ maccoit, pasnoit 600 I'sB, nme-
IOIEr0 BO3MOYKHOCTH PACHaIaThCs TOJHKO B KBAPKU M 3HAYEHUS] KOH-
crant Bouue 0.72 qna W', pacnagaomerocs u B KBapKd, U B JCITOHDL.

2. DKCHepuMeHTAJIHHO UCC/IeI0BAHA aHOMaIbHAS CTPYKTYpa Bepiuabl W ib.
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B monmenu mezaBucumoro 3addextuBaoro CP-coxpansioniero Jjgarpas-
JKHaHa Husmieir pazmeproctu B Bepmune Wib | momumo paccmarpu-
Baemoro B CM JieBOro BEKTOPHOTO OIepaTropa, HPUCYTCTBYIOT TaKIKe
NIpaBbIii BEKTOPHDBIN, TaKzKe JICBbIA W NPaBblii TEH30PHBIE ONEPaTOPHI.
[Ipu mpoBeieHNE aHAIN3a OJITHOBPEMEHHO CTABUJIMCH OT'PAHUYEHUS Ha
JIBA AHOMAJTBHBIX TapaMerpa (OJUH U3 KOTOPHIX BO BCEX CIEHAPHSIX
OTBEYALT JIEBOMY BEKTODHOMY ONEPATOPY), a OCTAJIbHBIE MapaMeTpbl
NPUHAMAJIUCH PABHBIME HYJIIO. [lo/TyYeHbl TepBbIe SKCIIePUMEHTAIHHBIE
npeJiesbl Ha TapaMeTPhl, XapaKTepu3yIolie BKJ1a/] BEKTOPHOTO W TEH-
30PHBIX aHOMAJILHBIX OIEPATOPOB B IIOJIHOE CeYeHHe JIEKTPOCIA00ro
POXKIeHUs TON-KBapKa. MBI yCTaHOBUIM CJIe/IYIOIIHE BEpXHHE Ipejie-
JIbI Ha KBa/IPAThl IIPABOI'0 BEKTOPHOI'O, & TAKZKE JIEBOT'O U MPABOTO TEH-
3opubix napametpos: |fr, |2 < 2.5, |fr.1? < 0.5 u |fr.]? < 0.3 coot-
BETCTBEHHO JI/Isl M3MepenubIx snavennii |Vy, - fr, |2 = 1.8719, 14708 u
1475,

[IpoBejien mouck 3apsizkeHHOT0 0030HA XHI'CCa B IIPOIECCAX POXKICHUS
ron-kBapka Ha Kosutaiigepe TEVATRON. Ipu mogeuposanun MonTe-
Kapso cobpituii ucnosp3oBanaack ¢popma Hanbosee 00IIero JarpaHzKu-
aHa, 9TO MO3BOJIUJIO TTOJYIUTH B PE3YIbTATe BEPXHUE TPeIe/Ibl HA ceve-
HUsI POZKJICHUs 3aPsizZKEHHOT0 XHUI'CCOBCKOI'O CKaJIsApa JJIsi TPEX THUIIOB
Mojiesieit ¢ AByMsi XUTCCOBCKUMHU JyO/1eTaMu B 3aBUCUMOCTH OT MACCHI
CKaJIsipa.

[IpoBegn sKCHEPUMEHTAJIBHBI MOUCK HEHTPAJBHBIX TOKOB, MEHSIO-
mux apomar kBapkos (F'CNC), B npomeccax pOKJIEHHsI OJHHOTHO-
ro ron-kBapka Ha Kosnaiiepe TEVATRON. B auccepramun mompo6-
HO OIHMCAHBI JIBA IIOCIEI0BATE/IbHBIX aHAJIN3a JaHHLIX. B pe3yibrare
MePBOr0 aHaau3a, 0OpPabOTABIIETrO JAaHHBIE, COOTBETCTBYIOIIHNE CBETH-
moct B 230 16!, mosydeHsl mepsbie Jis aJPOHHBIX KOJLIAiIepoB
OTpAHWYEHHST HA APAMETPBhI, XapaKTepU3yIolne BeJTUINHY HeATpaIb-
HBIX TOKOB, MeHstomux apoMar kBapkos (Flavour-Changing Neutral
Currents, FCNC'), MexKly TOIN-KBAPKOM U U-KBAPKOM WJIH C-KBAPKOM
B IUTIOOHHBIX BepiiuHax tgu u tgc: orpanndenns Ha FCNC-nmapameTpbl
na 95% yposue jiocropeprocty ciejyromue: kg/A < 0.15 TsB~! u
ky/A < 0.037 TsB~', rae kS /A xapakrepusyer cuiy tgc-B3anmozeiicTBus,
ky /A - cnmy tgu-mzamvoziefictrus, a A - macirrab Hosoit dusnku. Ana-
JIN3UPOBAJIMCH JIAHHBIE, COOTBETCTBYIONINE WHTErPAIbHONU CBETUMOCTHU
B 230 16~ !. PesyapraTaMn BTOpPOro aHasm3a, 00paboTaBIIero JTaHHbIe,
COOTBETCTBYIONNX MHTeTpaIbHOl cBeTIMocTH 2.3 b6~ !, apasgiores 6o-
Jiee KECTKMe OrpaHnvdeHusl Ha 00/1aCTH aHOMAJIbHBIX TAPAMETPOB, OIIpe-

109



nmensiorux cuny FCNC B3ammoeiicTBus: k;/A < 0.057 T5B™' u
kg /A < 0.013 TsB™!, uT0 coorBeTCTBYET C/IC/IYIONMM OIPAHUYEHUAM
Ha BEPOATHOCTHU PaCIajia TON-KBapKa, MpoxXojisiiie 63 n3MeHeHusl apo-
mata: B(t — cg) < 3.9x1073 u B(t — ug) < 2.0 x 10~*; nonomnuTesn-
HO OBLIM TOJIYY€Hbl OTPAHUYEHUS HA CEUCHUs] POKICHUS] OJUHOUIHOTO
ron-kBapka nocpeacrsom FONC.
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biaroanapnoctu

4 ot Beeit mymu Gs1arogapeH MOMM HAYIHBIM PYKOBOJUTEISIM DIyapLy DpH-
cropuay boocy m JIbBy Buagmmuposuuy Jlygko 3a MOCTAHOBKY aKTyaJib-
HeHmX 3a/a4, TOMOIIb, HOIIEPXKKY, TepIeHre U J0Bepue BO BpeMs Beeit
pabotsl. ['mybouaiinryro 6,1aroJapHOCTh S XOTeT OBl BBIPA3UTh KOJIIEKTHBAM
Ornena Ixcnepumentaabaoit Pusuku Boicokux Duepruit u Ormenra Teope-
tudeckoit Pusnuku Boicoknx Duepruit Uucruryra Anepuoit Puzuku MIY
u jquano Bukropy Usanosuuy Caspuny, Basepun Biamnvuposre Kerex,
Uropio IlasioBuay BosiobyeBy, BsauecnaBy EsrenbeBuuy Bynumdueny, Muxa-
nny HukomaeBuay CMOJIIKOBY U MHOTHM JPYTHM COTPYTHUKAM UHCTUTYTA.
Takzke X049y BHIPA3UTh 0J1ar0IAPHOCTH 3a MOMOIITH BCEM KOJLIETaM-COABTOPAM
onyOJIMKOBAHHBIX PabOT, MOCIYKUBIINX 0a30#1 /11 HAMCAHUS JIUCCePTAIUN
1 KOJLIEKTHBY KoJu1abopamun D) 3a rocTenpuuMcTBO 1 BO3MOXKHOCTh yUaCT-
BOBATHb B paboTe KoJL1abopaliiu.
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